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1.1 Introduction 
 
Everything we ingest from our physical environment will become part of us, at least 
for a short period of time, as in the case of indigestible constituents of food, or for a 
prolonged period when digestible food is metabolized in our system. To a limited 
extent this also applies to substances that we absorb though our skin, but to a much 
greater extent what we eat and what we inhale. Since our brain is part of us, it is not 
unreasonable to assume that what enters our system along these pathways, presuming 
that the hurdle of the blood-brain-barrier can be overcome, this will also may affect 
our brain. The brain is a highly active organ: although it represents only 2 % of our 
body weight, 20 % of our energy use takes place here (Dunbar, 1998; Gailliot & Bau-
meister, 2007). 
When studying the possible relationship between diet and behaviour, an important 
avenue of research is the study of  malnutrition. Malnutrition can be defined as ‘a 
change in nutritional status that carries the penalty of illness, dysfunction or death’ (Duggan in: 
Geissler & Powers, 2011). In this thesis, the second ‘penalty’ will be highlighted.  
Malnutrition includes dietary deficiency (under nutrition) as well as dietary excess (over 
nutrition). Severe under nutrition can be characterized by a diet that is deficient in 
proteins and energy, leading to underweight in adults, and stunted and wasted growth 
in children. But also micro-nutrient deficiencies can have serious consequences. Se-
vere malnutrition increases vulnerability to many illnesses, and jeopardizes physical 
and mental development in children. In less severe cases of deficiency micro-nutrient 
intake is insufficient. Micro-nutrient deficiencies and insufficiencies are not uncommon 
worldwide, even in affluent countries (Viñas et al., 2011). In this thesis the focus will 
be on effects of severe malnutrition, as well as insufficient micro-nutrient intake on 
behaviour. This thesis deals with the possible influence of not only food stuff - nutri-
ents - but also of substances that are toxic. Toxicants1 have no essential functions, but 
jeopardize our physical and sometimes also mental health. These latter substances are 
                                                     
1 Toxicants are man-made toxic substances, in contrast to toxins, that are natural toxic substances 
(e.g. snake venom). 
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sometimes aptly called anti-nutrients (Gesch, 2005). When toxicants also effect the 
nervous system they are called neurotoxicants. The focus of the thesis is on the potential 
impact of these substances  –  nutrients and anti-nutrients  –  on  aggressive, antisocial 
and criminal behaviour. This interest fits well in the era we live in. In the past (and 
even now) explanations for this behaviour were (and still are) sought in the psychoso-
cial environment. But currently there is a growing interest in research on biological 
determinants of behaviour in general, and aggressive, antisocial and criminal behav-
iour in particular (Raine, 2013). This interest in a possible relationship between diet, 
neurotoxicants and behaviour goes beyond aggressive and criminal behaviour. Re-
cently, for several psychiatric disorders, including mood disorders and psychoses, it 
has been studied whether they relate to nutrients (Schachter et al., 2005), and some-
times neurotoxicants (Bellinger, 2011). In addition, cognitive impairments, such as 
impaired intelligence and attention disorder with hyperactivity (ADHD) in children, 
have also been associated with (anti) nutrients. These impairments are also discussed 
in the thesis, because research suggests that they might have relevance as potential risk 
factors for later aggressive and criminal behaviour. 
Besides reports showing associations between nutrients and behaviour, intervention 
studies (which suggest causal relationships between nutrients and behaviour) especially 
appeal to a wider audience beyond the scientific community. The British Ayelesbury 
trial (Gesch et al., 2002 ) for instance, received worldwide media attention. In this 
study, a group of young adult inmates was treated with simple dietary supplements 
(vitamins , minerals and fatty acids) or placebo. In the supplement group, the number 
of rule violations decreased substantially. In the Netherlands, positive results were 
reported from the Impact of Nutrition on Children with ADHD study (INCA study; 
Pelsser, 2011). This study suggested a beneficial effect of a so-called restricted elimination 
diet, not only on ADHD symptoms in young children, but also on oppositional and 
defiant behaviour. The 'natural' character of nutritional interventions apparently con-
tributes to its popularity. 
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1.1.1 Purpose of the study 
Firstly, possible associations between nutrients and aggressive and antisocial behaviour 
1 ) in general, and 2) in offenders, were studied in a narrative review.  The aim was 
further to determine whether these associations imply a causal relationship. 
Secondly, the literature on possible associations between neurotoxicants and behav-
iour was explored in another narrative review. 
After exploring the literature, two empirical studies were conducted. Two populations 
of offenders – forensic psychiatric patients, and young adult inmates – were recruited 
in separate studies. The following was investigated: 
Study 1: Possible associations between a number of diet related blood parameters and 
blood lead levels on the one hand, and behavioural measures (self-reported and ob-
served aggression, and self-reported psychopathological symptoms) in a group of 
hospitalized forensic psychiatric patients on the other. This was an observational – 
cross-sectional –  study.  
Study 2: Possible effects of food supplements (vitamins, minerals and fatty acids) on 
behaviour and psychopathology in a sample of Dutch incarcerated young adult of-
fenders.  
In this study, two distinct ways of measuring aggression were used. Levels of aggres-
sion were determined using an observation scale (staff) and a self-rating scale (offend-
ers). Besides these ‘pencil and paper’ methods, rule violations, often with an aggressive 
character, were counted. The second study was a double-blind, placebo-controlled 
randomized controlled trial (RCT). 
Finally, possible practical applicability of findings from the literature and our own 
research were discussed. 
 
 
1.2 Diet 
 
Possible relationships between diet and behaviour may occur at various levels. Re-
search has been conducted at the level of individual nutrients, such as minerals and 
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vitamins. This type of research can be observational in nature, but it is also quite pos-
sible to study relations in an experimental context (see for instance Hamazaki & 
Hamazaki, 2008). In addition, possible effects of combinations of nutrients can be 
studied in such a context (Schoenthaler et al., 1997; Gesch et al., 2002; Long & Ben-
ton, 2013; Rucklidge et al., 2014). For instance, combinations of fatty acids and multi-
vitamin / mineral preparations have been used in several intervention studies. More 
recently, the number of studies on the impact of dietary patterns is growing. This 
research often takes place  in the context of prospective cohort studies, as in the case 
of the Dutch Generation R Study (Jaddoe et al., 2006) and the British Avon Longitu-
dinal Study of Parents and Children (ALSPAC). Another research area is that of defi-
ciencies and malnutrition. This thesis will also include the possible effects of deficien-
cies and hunger during pregnancy on children's behaviour later in life. In the empirical 
studies in this thesis however, this aspect has not been addressed. In this thesis the 
research has been limited to individual nutrients, and combinations of nutrients. 
 
 
1.3 Neurotoxic agents  
 
A large number of toxic substances is known for its negative effect on the functioning 
of the central nervous system (Grandjean & Landrigan, 2006), hence they are called 
neurotoxins and neurotoxicants2. In this thesis, especially the negative aspects of the neu-
rotoxic metal lead have been explored. This substance was chosen because the re-
search literature is extensive. In the discussion chapter  however, the necessity of re-
search in other ubiquitous neurotoxicants is emphasized. It should be noted that the 
dichotomy toxic – nutritious can be somewhat misleading. Although many neurotoxic 
substances have no known nutritional value, some notoriously toxic elements like 
arsenic might be essential nutrients as ultra-trace elements (Nielsen, 1998; 2000). On 
the other hand, many nutrients become toxic in high doses. Manganese and vitamin 
                                                     
2 Neurotoxins are natural, neurotoxicants  are man-made neurotoxic substances. 
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B6, both essential (micro) nutrients become neurotoxic at high intakes.  Substances 
can be toxic or non-toxic, depending on doses. 
 
 
1.4 Setting of empirical studies and outline the thesis  
 
Two empirical studies were conducted in the context of this thesis. Both studies took 
place in closed settings. The first study was an observational study in a closed forensic 
psychiatric facility. Participants were 51 patients with complex psychiatric disorders, 
often  psychotic disorders, combined with a personality disorder, and/or addiction. 
This population is characterized by high levels of aggression. The possibility to ‘pre-
dict’ levels of aggression and psychopathology with blood levels of several (mi-
cro)nutrients and lead was explored. Selection of these nutrients took place on the 
basis of earlier research findings. It concerned minerals and vitamins that have known 
associations with behaviour.  
A second, larger (N = 221) empirical study was conducted in a prison setting. In this 
experimental, randomized, double-blind, placebo-controlled study, the effect of vita-
mins, minerals and fatty acids on the behaviour of young male adult inmates was stud-
ied. The study to a large extent was a replication of an earlier English study (Gesch et 
al., 2002). The Dutch study differed in some details from the English study. The dura-
tion of the study was different (three months, with a minimum of one month, com-
pared to nine months, with a minimum of two weeks in English the study), and the 
nutritional supplements used differed to some extent. In particular, the ω-3 fatty acid 
content was higher and the ω-6 fatty acid content was lower than in the English study, 
in line with more recent expert insights (ISSFAL, 2004). 
 
The first two chapters after the introduction (chapters 2 and 3) are narrative reviews. 
In chapter 2, the relationship between diet and externalizing behaviour, aggression, 
antisocial, and delinquent and criminal behaviour in particular, is explored from the 
literature. Also cognitive deficits during childhood (as possible predictors of later 
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problem behaviour) that might have a relationship with diet, are discussed. Similarly, 
in chapter 3, the relationship between lead and externalizing behaviour is explored. 
For obvious ethical reasons it is not possible to study effects of neurotoxicants on  
humans experimentally. In the absence of this possibility, the causal relationship be-
tween lead burden and behaviour is made plausible using the causality criteria of Brad-
ford Hill (1964), a method used earlier by Nevin (2009), who studied the association 
between lead and cognitive damage. In chapter 4 and 5, the earlier mentioned empiri-
cal studies are presented. In chapter 4, the observational study with the group of fo-
rensic psychiatric patients is presented. In chapter 5, the experimental study of young 
adult inmates is described. In chapter 6 the results of the empirical research are sum-
marized and placed within the broader context of previous research. In addition, the 
practical applicability of the research findings is discussed. Finally, recommendations 
are made for future research. In chapter 7 the thesis is summarized. 
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 DIET AND EXTERNALIZING BEHAVIOUR 
 
A narrative review  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Zaalberg, A., Nijman, H., Bulten, E. & Staak, C. van der. Diet and externalizing be-
haviour (Submitted for publication). 
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Abstract 
 
In this narrative review, possible relations between diet and behaviour, externalizing 
behaviour in particular, are explored. Firstly, the impact of deficiencies during early 
development (starting in gestation) on later externalizing behaviour are discussed. In 
this context, the possible effects of breastfeeding on later behaviour are also explored. 
Furthermore studies reporting on possible effects of dietary patterns and school meals 
are presented. Although detrimental effects of nutritional deficiencies, in severe cases 
caused by hunger, on later behaviour are suggested by several studies, the overall pic-
ture is still vague. Especially studies with a more criminological focus are scarce. Sec-
ondly, dietary intervention studies with offenders are discussed. In these studies posi-
tive effects of food supplements on rule violating behaviour are reported. Although 
promising, these studies only demonstrated effects on events (incidents), but not on 
other outcomes like self-reported and observed aggression, and self-reported psycho-
pathology. Furthermore, underlying action mechanisms remain unknown. Thirdly, 
several minerals emerging from the literature as possibly associated with externalizing 
behaviour are discussed. Of the minerals that are discussed – lithium, iodine, magne-
sium and zinc – the evidence suggesting a causal link with externalizing behaviour is 
very scarce. In the case of ω-3 fatty acids however, evidence for a causal relationship 
with externalizing behaviour is, although not conclusive, mounting however. Ques-
tions on optimal dose and underlying action mechanisms are yet to be answered how-
ever.  
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2.1 Introduction 
 
A possible link between diet and behaviour has been assumed for more than a century 
(Thompson, 1990), but was eclipsed for a long time by the (social) psychological and 
sociological premises of environmental determinants of human behaviour. Even in 
the seventies of the last century, the Dutch criminologist Buikhuisen was expelled 
from the scientific community as a result of a vitriolic polemic (Brandt Corstius, 
1978). Buikhuisen proposed dietary experiments and other biologically oriented re-
search with delinquents and criminals3. In recent decades however, diet and nutritional 
status status has been rediscovered, as one of the factors potentially influencing be-
haviour, including externalizing behaviour.  
 
2.1.2 Externalizing behaviour 
Externalizing behaviour can be defined as a grouping of behaviour problems that are 
manifested in outward behaviour and reflect negatively acting on the external envi-
ronment (Liu, 2004a). This behaviour is covering a broad behavioural spectrum, rang-
ing from challenging child behaviour to serious criminal offending in adults. External-
izing behaviour is thought to be the outcome of a complex interplay of biological and 
psychosocial factors (Moffit 1993; Brennan et al., 1997; Campbell et al., 2000; Raine, 
2002; Liu & Wuerker, 2005; Tremblay, 2005).  
Externalizing behaviour can be displayed by children as well as adults, although in 
research literature, the concept of externalizing has been confined to a large extent to 
child behaviour. It concerns annoying behaviours like disobedience, stubbornness, 
defiance, being noisy and screaming, and more serious, delinquent behaviour like 
stealing, fighting, vandalism and arson (Achenbach & Ruffle, 2001). In some studies, 
attention problems are included as well. Problematic externalizing behaviour in (early) 
childhood is considered a major risk factor for more serious behavioural problems in 
later life, such as violence, delinquency and criminal behaviour (Campbell et al., 2000; 
                                                     
3  Decades later, Buikhuisen was rehabilitated. 
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Liu, 2004a, 2011). Thus, externalizing behaviour has pedagogic (when the child and 
his or her caregivers are affected) and criminological (when laws are violated) signifi-
cance.  
Internalizing behaviour on the other hand can be defined as behaviour that is inwardly 
directed, towards ones own psychological environment. This behaviour is primarily 
disruptive for the person him- or herself. Anxious, withdrawn, inhibited and de-
pressed behaviour are examples of internalizing behaviours. Externalizing and inter-
nalizing behaviours, although opposite in intent, are not mutually exclusive. External-
izing behaviour can have a negative impact on the person him- or herself, and inter-
nalizing behaviour can sometimes be disruptive to the social environment. 
Externalizing behaviour is not pathological per se: aggression in toddlers, for instance, 
peaks at around two years of age and is considered a normal feature of child develop-
ment (Tremblay, 2005), although it can be challenging for parents to control and mod-
ify this behaviour. Furthermore, transient delinquent behaviour is very common in 
adolescents (Moffitt, 1993; Van der Laan et al., 2006). 
 
In this overview, recent developments in the study of diet and behaviour will be pre-
sented. The focus will be on nutritional status as related to externalizing behaviour. 
First, the role of nutrition in (early) development – starting with gestation – will be 
discussed. Subsequently, the association between nutrition and severe forms of exter-
nalizing behaviour that are manifested later in life, such as aggression, delinquent and 
criminal behaviour will be discussed. A number of nutrients known to be associated 
with (externalizing) behaviour will be discussed in more detail in a separate section.  
The strength of the evidence and possible future directions of research will be dis-
cussed in the concluding paragraph.  
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2.2 Early malnutrition 
 
During gestation and early years in life, rapid development of the central nervous 
system (CNS) takes place (Henrichs et al., 2010a; Timmermans, 2010; Laus et al., 
2011), although it takes more than two decades for the human brain to reach full ma-
turity (Benton, 2008). During gestation and early life years, nutrition plays a crucial 
role in brain development. Malnutrition can jeopardize this development (Timmer-
mans, 2010; Georgieff, 2007). Some studies suggest that the foetus is particularly vul-
nerable in the early stages of gestation, leading to increased risk of chronic physical 
and psychiatric illness later in life (Roseboom, 2000; De Rooy, 2007; Neugebauer et 
al., 1999; StClair et al., 2005). Other studies stress the role of very low birth weight (< 
1500gr.) in the development of later behavioural problems (Breslau et al., 1988; Sykes 
et al., 1997). Besides severe malnutrition, relatively minor deficiencies can have a nega-
tive effect as well.   
 
2.2.1 Severe malnutrition during gestation. 
Several studies of severe malnutrition during gestation suggest detrimental effects on 
the developing foetus. Evidence from a large birth cohort study, the Dutch Hunger 
winter study, (referring to a period of severe malnutrition during the autumn of 1944 
and the winter of 1945 in western parts of the Netherlands which were occupied by 
Germany) suggests that severe malnutrition during gestation, in the critical first and 
second trimester in particular, is associated with increased risk of later physical and 
psychiatric problems. Later, StClair et al. (2005) reported similar risks in a large Chi-
nese cohort. To date, the Dutch study is the only study reporting increased risk of 
externalizing behaviour in adulthood, reflected in high odds ratios of antisocial per-
sonality disorder (ASP), and in ASP with aggression in particular in young adulthood 
(adjusted odds ratio [AOR]: 2.6, confidence interval [CI]: 1.4-4.5;  Neugebauer et al., 
1999). 
Since the Hunger winter study was not experimental, making causal inferences is diffi-
cult. It is not implausible that high levels of stress in mothers, associated with the 
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long-lasting daily struggle for survival and the hardship of physically experiencing 
hunger, had a detrimental effect on the developing foetus. Recently, in a large Dutch 
population based cohort study (the Generation R study, see Jaddoe et al., 2006), Roza 
(2008) reported that maternal stress during gestation is associated with diminished 
foetal growth, and Henrichs (2010b) suggested,  in a study with the same cohort, that 
maternal stress during gestation is associated with sadness and low frustration toler-
ance in toddlers. Furthermore, it cannot be ruled out that the psychological traumatic 
aftermath of the hunger experience and post war resource deprivation (Land et al., 
1990) did influence parenting adversely after the hunger period. Because of dramati-
cally improved neonate care, new-borns with very low birth weight (< 1500 gr.) have 
better chances of survival as compared to several decades ago. Besides medical prob-
lems, several studies suggest, however, that this condition is accompanied by an in-
creased risk of externalizing behavioural problems during school age (Breslau et al., 
1988; Sykes et al., 1997) 
 
2.2.2 Marginal deficiencies during gestation 
Not only severe, but also more marginal deficiencies during gestation have been asso-
ciated with later adverse behavioural outcomes. Folic acid deficiency has recently been 
associated with poor behavioural outcomes in young children. In the recent Genera-
tion R study, toddlers whose mothers used folic acid supplements during early preg-
nancy, were compared with children whose mothers did not use these supplements. 
After adjusting for confounders, toddlers in the non-supplements group turned out to 
be at higher risk of behavioural problems, reflected in high Child Behaviour Check 
List (CBCL; see Achenbach & Ruffle, 2001) scores (OR total problems: 1.44, CI 1.12-
1.86; internalizing: 1.65, CI 1.24-2.19; externalizing 1.45, CI 1.17-1.80) (Roza, 2008). 
Roza suggests that folic acid is especially important for brain development in the first 
months of foetal growth.    
As part of the Avon Longitudinal Study of Parents and Children (ALSPAC), a large popula-
tion based cohort study in Great Britain, Hibbeln et al. (2007) reported associations 
between behavioural measures in children and mothers’ fish consumption during ges-
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tation. Fish is a source of protein, essential minerals like zinc, iodine and selenium, as 
well as long chain poly unsaturated fatty acids (LC-PUFA’s), ω-3 LC-PUFA’s in par-
ticular. In this study, mothers not eating fish at all as compared to mothers who con-
sumed fish on a regular basis, gave birth to offspring with an increased risk of subop-
timal functioning in intelligence (at 8 years of age), prosocial behaviour (at 7 years of 
age), and fine motor, communication, and social development scores (7 through 42 
months). These findings were obtained after adjusting for 28 potential confounders. 
On all these measures, a dose response relationship was apparent. Oken et al. (2008) 
reported comparable results from the Danish National Birth Cohort Study. The children 
from this study were tested at 6 and 18 months of age.  
 
2.2.3 Breastfeeding studies   
In a large number of studies beneficial effects of breastfeeding on growth, cognitive 
development, school achievement, and behaviour in young children have been sug-
gested (Horwood & Fergusson, 1998; Anderson et al., 1999; Oken et al., 2008; Brion 
et al., 2011). However, to date, experimental evidence is scarce. Only one – very large 
– (cluster-) randomised study, the Promotion of Breastfeeding Intervention Trial (PROBIT; 
Kramer et al., 2001), was conducted. In this study with 13.889 healthy pregnant wom-
en from Belarus, 7108 women were randomly assigned to a breastfeeding promotion 
program and were contrasted with a control group of 6781 women. The intervention 
resulted in a substantial higher proportion of mothers continuing exclusive breastfeed-
ing. At 6.5 years follow up, no beneficial effects on anthropometric measures, obesity, 
blood pressure, allergy, asthma, emotional problems, conduct problems, hyperactivity, 
peer problems and prosocial behaviour were observed (Kramer et al., 2007a, 2007b, 
2008a). However, there was a substantial (although only borderline significant) effect 
of breastfeeding on intelligence, most notably on verbal IQ (+ 7.5 IQ points; CI 0.8 – 
14.3) and academic performance (Kramer et al., 2008b). These results are in line with 
findings from Brion et al. (2011, see also Gillman, 2011), who compared the outcomes 
of several large prospective cohort studies, from countries with different confounding 
structures. In this review it was concluded that most positive findings from breast-
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feeding studies (the positive findings on intelligence excepted) are spurious, and the 
result of residual confounding.    
Only a few studies did report a possible association between breastfeeding and later 
anti-social behaviour. Fergusson et al. (1987) found only a weak, borderline significant 
association between parent reported conduct disorder and breastfeeding in school-
children from New Zealand. This association disappeared when teacher ratings of the 
same children were included in the analysis. In another study, Fergusson & Woodward 
(1999) found that breastfeeding was weakly associated with offending and conviction 
rates in 17-18 year old juveniles, however without reaching statistical significance. Bor 
et al. (1998) found weak, but significant, associations between breastfeeding and ag-
gressive and delinquent behaviour in 5 and 14 year old children. Fergusson et al., Fer-
gusson & Woodward, and Bor et al. all mention the possibility of residual confound-
ing. In a recent large (N = 5228) Brazilian prospective cohort study (Caicedo et al., 
2009) no relationship was found between breastfeeding and adult violent delinquency.  
To sum up, it may be stated that there is sufficient evidence to assume a causal rela-
tionship between breastfeeding and intelligence. On the other hand, study results re-
garding cognitive, behavioural and emotional development are dubious. Finally, to 
date there is insufficient evidence to warrant the conclusion that breastfeeding and 
later anti-social behaviour and aggression are associated, despite results of studies 
linking low intelligence and criminal behaviour (Moffit & Silva, 1988; Nevin, 2000).  
 
2.2.4 Effects of poor diet on schoolchildren  
Several studies indicate that poor nutritional status in school children is not only asso-
ciated with poor physical health outcomes, but with detrimental behavioural outcomes 
as well. These effects are most obvious in malnourished children. Recent studies of 
well-nourished children who have less favourable dietary habits show minor, but sig-
nificant negative outcomes.  
Malnourishment is widespread in third world countries, but is prevalent in affluent 
societies as well (Federal Interagency Forum on Child and Family Statistics, 2010). In 
a cross sectional study, Kleinman et al. (1998) for instance, found that children suffer-
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ing from food insecurity (being at risk of limited access to a healthy diet) in Pittsburgh 
(U.S.) were at risk of several detrimental externalizing behavioural outcomes, most 
notably oppositional behaviour and aggression, but also irritability. More recently, 
Whitaker et al. (2006) found similar associations in a large (N = 2870) cohort of  
American preschool children. 
Earlier Galler et al. (1983a, 1983b, 1989) studied schoolchildren (5-11 years of age; 9-
15 years of age at follow up) on Barbados in a longitudinal study. They  found that a 
history of malnourishment in the first year of life was associated with poor social 
skills, attention problems and markedly lower intelligence at school age (5-11 years of 
age). At follow up (9-15 years of age), these detrimental effects turned out to be per-
sistent. Children who suffered early malnourishment were more involved in fights, 
and had more attention problems. However, they did not differ significantly in delin-
quent behaviour. These detrimental effects were independent of socio-economic vari-
ables like parent income, (un)employment and quality of the home environment. Re-
cent studies indicate that detrimental behavioural effects can persist into middle (Gal-
ler et al., 2011, 2012, 2013) and late (de Rooy et al., 2012) adulthood. 
A poor nutritional status can originate from food insecurity – in worst cases hunger – 
but also poor dietary habits might contribute to detrimental outcomes as well. Evi-
dence comes from several recent large population based cohort studies in western 
countries.  
Using longitudinal data from the ALSPAC cohort, Feinstein et al. (2008) assessed the 
association between early dietary patterns in British children and school attainment. 
They used factor analysis to structure the food items children used. The analysis yield-
ed  three factors,  junk food, a dietary pattern characterised by high intake of food items 
high in fat and/or sugar and the frequent use of takeaway meals, traditional food, charac-
terized by meat and cooked vegetables, and health-conscious food, a dietary pattern with 
healthy products like nuts, salads, fish, fruits, pasta, and rice. Feinstein et al. found a 
negative association between school attainment and a junk food dietary pattern on the 
one hand, and a positive association with a health-conscious pattern. Furthermore, 
they found a positive association between the use of school meals and school attain-
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ment. The dietary pattern at three years of age (the earliest moment of measurement) 
turned out to be the best predictor of school attainment, irrespective of dietary chang-
es later on, suggesting the importance of an adequate nutritional intake early in devel-
opment. Using a similar study design within the ALSPAC study, but with a different 
characterisation of dietary patterns, Northstone et al. (2011), found comparable asso-
ciations between dietary patterns and intelligence. Processed food at three years of age 
was negatively associated with IQ scores at eight years of age (one standard deviation 
in pattern score corresponded with a 1.67 point decrease), a health-conscious pattern at 
eight years of age was positively associated with IQ scores (one standard deviation in 
pattern score corresponded with a 1.20 point increase).   
In a large Australian prospective cohort study, the Western Australian Pregnancy Cohort 
(Raine) Study,  Howard et al. (2011) followed children from gestation to adolescence. A 
western dietary pattern turned out to be associated with attention deficit disorder with 
hyperactivity (ADHD) symptoms, a finding that was hardly influenced by adjusting 
for potential confounding (odds ratio of children scoring low versus high on western 
diet: 2.24; 2.21 after adjustment). The same study revealed high odds ratio’s for gender 
(male versus female after adjustment: 3.53), maternal stress events during gestation 
(>3 versus <3: 2.05) and low odds ratio’s for physical activity (2-6 times per week 
versus once per week: 0.47; once per week versus ≥7 times per week: 0.33) 
Earlier, Oddy et al. (2009), using the same cohort and dietary pattern measures, found 
high CBCL scores in 14 year old children following a western dietary pattern (β CBCL 
total score: 2.20 β CBCL internalizing:1.25, β CBCL externalizing 2.60). In this study 
too adjusting for confounding hardly changed the β’s, suggesting a robust relationship. 
Even in affluent countries like the U.S., food insecurity is relatively widespread (Fo-
rum on Child and Family Statistics, 2010). More than half  of the children from fami-
lies living under the U.S. poverty line, live lives with food insecurity, putting children 
at risk of malnutrition or even – in severe cases – hunger and malnourishment. Re-
markably, the source above reported that even in the highest income groups, 9 % of 
the children are food insecure. In studies from other affluent countries food insecurity 
has also been reported. Pilgrim et al. (2012) reported poor dietary habits in British 
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food insecure children and Mhurchu et al. (2013) reported high rates of food insecu-
rity among New Zealand children. Two small Dutch cross sectional studies with ado-
lescents (de Bakker, 2010; Hoekstra & Dijkstra, 2013) indicated that food insecurity in 
the Netherlands is quite rare, albeit not absent. In these studies, food insecurity was 
more frequently reported in young offenders. 
 
2.2.5 School meal studies 
To counteract the detrimental effects of malnourishment or malnutrition, school 
meals – breakfast and/or lunch, and sometimes snacks – are popular as a tool to im-
prove nutritional status in children in many countries worldwide. In several recent 
systematic reviews (Kristjansson et al., 2006; Jomaa et al., 2011) positive effects of 
school meals on enrolment, attendance and reduction in drop-out, have been re-
ported. Furthermore, gains in intelligence, school achievement and cognition are sug-
gested, although results are still inconclusive. Behavioural outcomes are reported  in 
only a limited number of studies, with conflicting outcomes. In the reviews mentioned 
above, it is concluded that the overall impact of school meals is moderate and that 
largest effects can be observed in the most  disadvantaged children. The largest effects 
are reported in third world counties where (severe) malnourishment is relatively com-
mon.  
Some third world school meal studies show clear, although moderate, improvements 
in children, not only in anthropometric measures, but sometimes also in cognition and 
behaviour. In a longitudinal study with malnourished children (6-8 years) in Guate-
mala for instance, Barrett & Radke-Yarrow (1985) found that improving dietary status 
with extra protein, calories, vitamins and minerals resulted in improvement on several 
behavioural scales. Well-nourished children performed better on frustrating tasks, had 
better motor control, showed more explorational behaviour, and greater initiative in 
group tasks when compared with a control group. Furthermore, they showed more 
frequent happy affect, social involvement, and were less timid and anxious in free 
play. Although well adjusted for confounding variables (mother characteristics in par-
ticular), the study was not randomized.  
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Significant results are not reported exclusively from third world studies. Recently, 
Belot & James (2011) for instance, reported beneficial effects when British TV cook 
Jamie Oliver initiated school lunches in Great Britain. This school lunch program was 
initially enrolled in several schools in London to counteract the effects of poor dietary 
habits of British schoolchildren. [according to a recent UK survey  only 1.1 % of the 
packed lunches of school children meet healthy nutrition standards (Evans et al., 
2010)]. The effects of the school lunch program proved to be superior when children 
from experimental schools were compared with carefully matched children from con-
trol schools (using propensity score matching). Only school achievement and school 
attendance were measured in this study. On both measures improvement was evident. 
However, notwithstanding anecdotal evidence, (externalizing) behaviour was not 
measured systematically in this study.  
In conclusion, to date, there is only limited evidence from school meal studies linking 
diet to externalizing behaviour in children. An important reason might be the lack of a 
behavioural focus in these studies. A limited number of large cohort studies, however, 
point to small but robust effects of dietary patterns on behaviour that potentially pre-
dispose to later problems. However to establish a causal relationship between diet and 
externalising behaviour,  rigorous designed experiments, with a clear behavioural focus 
are needed.   
 
2.2.6 Mauritius study  
The Mauritius study (see Raine et al., 2010) is mentioned separately, since it is the only 
study to date with a criminological focus. Raine and colleagues (Raine et al., 2003; Liu 
et al., 2004) are conducting this longitudinal study on the island Mauritius in the In-
dian Ocean, spanning several generations. As part of this still on-going study, Raine et 
al. offered young children (3-5 years) an enrichment program, consisting of healthy 
meals, physical exercise and education in small classes. The study design was quasi 
experimental. At 17 years of age, children from a matched control group who were 
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showing physical signs of malnourishment4 prior to intervention, had, as compared to 
malnourished youth in the intervention group, higher measures of conduct disorder, 
motor excess and cognitive disorganization. At 23 year of age the rate of self-reported 
criminal offences was lower in the intervention group, irrespective of nutritional status 
during childhood (OR 1.83, p < 0.05) and there was a trend towards less court records 
(OR 2.94, p = 0.07). A major limitation of this study was the impossibility to deter-
mine whether the diet, the exercise, the small classes (personal attention) or a combi-
nation of these ‘ingredients’ contributed to the beneficial effects. The fact however 
that the malnourished group in particular responded most clearly to the intervention 
suggests that nutrition played a role. In another report on the same cohort, Lui et al. 
(2004b) suggested that malnutrition in early childhood predicts externalizing behav-
iour at 8 and 17 years of age, in a dose response way. To date, the Mauritius study is 
the first and only study that provided (some) experimental evidence linking early mal-
nourishment to later criminal behaviour.  
Within the framework of this study Raine et al. (2014) recently reported  lower levels 
of behavioural problems (CBCL scores) and antisocial behaviour  in schoolchildren 
(8-16 years) after 6 months of supplementation with a ω-3 fatty acids containing fruit 
drink (containing 1 gram ω-3 LC PUFA’s per serving). The study was an adequately 
powered (> 0.80; N = 200) double-blind placebo-controlled RCT. The average treat-
ment effect size was substantial (d = -.59, CI -.84 to -.35). Importantly, parents also 
improved in the experimental condition, as demonstrated by lower psychopathy 
scores. Raine et al. hypothesized that improved caretaker behaviour partially mediated 
the behavioural improvements in their children. At follow up (at 12 months), treat-
ment effects were still statistically significant. 
 
 
 
 
                                                     
4 Raine used this term to describe  the severity of malnutrition.   
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2.3 Externalizing behaviour in offenders  
 
Externalizing behaviour in its most extreme form – aggression, delinquency and crim-
inal behaviour – and its possible relation to diet, has been studied in offenders. To our 
knowledge, experimental studies to date have been conducted in three countries, the 
United States, Great Britain and the Netherlands. By far the most studies were con-
ducted in the U.S. by Schoenthaler et al.(see Schoenthaler & Bier, 2002), although a 
few other researchers conducted studies as well (D’Asaro et al., 1975; Fishbein, 1982). 
Schoenthaler studied juvenile, young adult and adult offenders, using rule violating 
behaviour as dependent variable. Furthermore, Schoenthaler studied the effects of diet 
on behaviour and intelligence in schoolchildren in a number of studies (Schoenthaler 
et al., 1986a, 1986b, 1999, 2000). One well controlled study was conducted in the UK  
by Gesch et al. (2002) in a prison for young adult offenders. In this study, the number 
of governor reports that was used as a measure of externalizing behaviour, was the 
dependent variable. The Dutch study (Zaalberg et al., 2010) was a replication of the 
British study from 2002, although there were differences on several details. 
 
2.3.1 Early studies in the U.S. 
As early as 1975 D’Asaro et al. tried to study the effect of diet on inmates’ behaviour. 
Basic assumptions in the study were that micro nutrient deficiencies and excess sugar 
consumption are important determinants of aggressive behaviour and that improving 
diet might result in decreased aggression. Nutritional status was improved by means of 
a dietary intervention consisting of dietary education, improved prison meals, lowering 
sugar intake and the use of multi vitamins. Although positive effects were reported, 
the methodology and design of the study can been characterised as extremely poor 
(Fishbein & Pease, 1988).  
Fishbein (1982) studied the effect of lowering sugar consumption on maladaptive 
behaviour of inmates with drug dependency problems. Fishbein reported a positive 
effect in inmates with a history of mild hypoglycaemia. Major shortcomings in this 
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study were the facts that hypoglycaemia as well as behavioural measures were ques-
tionnaire based.   
In the same era, Schoenthaler studied the effects of diet modification on the behav-
iour of offenders. In his early studies, Schoenthaler reduced the amount of sugar in 
the offenders diets by replacing fuzzy drinks with mineral water and fruit juice, sweet 
snacks with sugar free healthier snacks, and by lowering the amount of sugar in cereals 
and desserts. Schoenthaler reported significant reductions in the number of  rule viola-
tions (Schoenthaler, 1982, 1983). The early Schoenthaler studies were flawed by me-
thodical inadequacies. The intervention studies were criticized by nutritionists and 
behavioural scientists (Gray, 1986; Pease & Love, 1986; Fishbein & Pease, 1997). 
Most studies had an uncontrolled, open label character. Offenders and staff were 
aware of the intervention, introducing possible observer and subject bias. To avoid 
these biases, Schoenthaler sometimes concealed his intentions – albeit with the con-
sent of the correctional authorities – by not informing staff and offenders about the 
intervention. According to Schoenthaler (1985), concealment was an excepted socio-
logical research strategy to avoid bias, as an alternative for the blinding procedure that 
is used in placebo controlled designs. Although concealment may avoid subject and 
observer bias, it doesn’t resolve the problem of unknown confounding. Furthermore, 
Schoenthaler did not monitor food intake.  
 
2.3.2 Schoenthaler: later studies 
In his later research, Schoenthaler improved the quality of his studies in two major 
ways. First, he abandoned his elimination strategy (e.g. sugar reduction, occassional 
elimination of food preservatives and artificial colourings). Instead, he applied vita-
mins and minerals in low doses as independent variable. Second, he changed his study 
designs from open label to the ‘gold standard’ of research, the double-blind random-
ized, placebo-controlled trial. Schoenthaler conducted at least two studies meeting this 
standard. In the first trial (Schoenthaler et al., 1997) 62 incarcerated juveniles (13-17 
years) were studied. They received 12 vitamins (set at 100% of the U.S. recommended 
daily allowance – RDA –)  and 11 minerals (set at 300 % RDA) during three months. 
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As compared to juveniles in a placebo condition, juveniles in the experimental condi-
tion committed 28% less rule violations. A sub sample (N = 26) donated pre and 
post-test blood samples. The juveniles with the most marked improvements in nutri-
tional status showed the sharpest drop in rule violation rate. The second trial (Schoen-
thaler & Bier, 2000) concerned schoolchildren of 6-12 years of age. From a group of 
468 schoolchildren Schoenthaler selected a high risk group of 80 children who were 
disciplined at least once in the preceding 7 months. The children in the experimental 
group used supplements containing 12 vitamins and 11 minerals set at 50% of the 
RDA. Concerning rule infractions, the net difference between the placebo and ex-
perimental group (40/40)  was 47 % (CI 29% to 65%). 
 
2.3.3 Gesch: the Aylesbury study 
In the nineties of the last century, Gesch et al. (2002) conducted a placebo-controlled 
trial with 231 young adult offenders in the English Aylesbury prison. The intervention 
consisted of an over-the-counter multi vitamins/minerals supplement set at 100% of 
the  UK recommended nutrition intake (RNI), combined with a fatty acid supplement 
containing small amounts of eicosapentaenoic acid (EPA; 80 mg) and docosahex-
aenoic acid (DHA; 44 mg), and moderate amounts of  linoleic acid (LA; 1260 mg) and 
γ-linolenic acid (GLA; 160 mg). The supplements were used up to 9 month with a 
minimum of two weeks. At completion of the trial, offenders in the experimental 
condition were less involved in rule violations (minus 26%  as compared to the pla-
cebo group; p = .03). The trial was carefully designed, although there were some mi-
nor flaws. The swallowing of the supplements took place without supervision. Fur-
thermore, the mineral compounds that were used were inorganic. But the randomiza-
tion (stratified, matched at baseline) and blinding were adequate. Furthermore the 
analysis was on an intent to treat basis.    
 
2.3.4 Zaalberg: the JOVO study 
The Dutch trial (the JOVO trial (‘JOng VOlwassenen’ – young adults –) (Zaalberg et 
al., 2010) was a replication of the UK trial, although there were differences. The com-
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position of the supplements differed a little (more magnesium (100 mg; Gesch et al.: 
30 mg), more EPA (400 mg; Gesch et al.: 80 mg) and more DHA (400 mg; Gesch et 
al.: 44mg) and the trial took up to three months. Furthermore, the 221 participating 
offenders were housed in 8 different institutions. The incident rate ratio  (IRR; num-
ber of incidents per 1000 detention days) in the experimental condition was – after 
completion of the trial – 47% lower as compared to the placebo condition (p = .03). 
In contrast, questionnaire based measures of aggression and psychopathology did not 
reveal significant effects. Only marginal differences (in the predicted direction) were 
detected. A major flaw of the study was partial unblinding. Although participants did 
not identify their experimental condition correctly above chance in the first week of 
the intervention, 75% of the participants guessed their experimental condition cor-
rectly at completion of the trial (p < 0.001).  
 
In summary, to date there are two controlled studies with incarcerated young adult 
offenders and one with young offenders with comparable results, suggesting that food 
supplements can be effective in the control of rule violating behaviour. These results 
were limited to the number of incidents. Significant results other than a reduction in 
numbers of incidents, such as a decrease in self-report measures of feelings of hostility 
and aggression were not found. It must be noted that although in all studies vitamins 
and minerals were used, the fatty acid contents differed markedly between the studies.   
 
 
2.4 Nutrients linked to externalising behaviour 
 
As was described above, combinations of nutrients and dietary patterns have been 
found to be associated with externalizing behaviour. Several nutrients have also been 
studied separately. 
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2.4.1 Essential fatty acids 
Fatty acids, several long chain poly unsaturated fatty acids (LC-PUFA’s) in particular, 
are essential for proper functioning of the human body. They add to the structural 
integrity of cells. Arachidonic acid (AA), long chain ω-6 fatty acid) and DHA, a long 
chain ω-3 fatty acid, are important constituents of cell membranes, most notably neu-
rons. The brain contains large amounts of fatty acids, of which – in a healthy brain – 
AA and DHA make out up to 20%. Other fatty acids like EPA, a long chain ω-3 fatty 
acid, and the ω-6 fatty acids AA and DGLA (di-homo γ-linolenic acid, a fatty acid 
derived from GLA through enzymatic conversion) have functional properties. In the 
body these fatty acids are metabolized into a series of hormone like products, the so 
called eicosanoids.  These eicosanoids are involved in a wide variety of metabolic pro-
cesses, ranging from vasoconstriction (narrowing of blood vessels)  and  blood clot-
ting, to inflammation, cell signalling, gene expression and neurotransmitter metabo-
lism (Hibbeln et al., 1998; Simopoulos, 1999). AA eicosanoids are powerful pro-
inflammatory compounds. The EPA and DGLA eicosanoids on the other hand, exert 
much milder and sometimes opposite activity. Nutritionists emphasize the necessity of 
balance between  AA and EPA derived eicosanoids (e.g. Hornstra, 1996, 2003; Si-
mopoulis, 1999). In Palaeolithic diet (as in for instance traditional Inuit diet), Mediter-
ranean and Japanese diet, ω-3 and ω-6 fatty acids are more balanced in the diet. Mod-
ern western diet is characterized by an imbalance in favour of ω-6 fatty acids (Craw-
fort et al., 1999; Simopoulos, 1999; Muskiet et al., 2004). LC-PUFA’s have been stud-
ied in relation to behaviour. Some studies suggest some efficacy in the treatment of 
psychiatric disorders like schizophrenia (Emsley et al., 2002; Peet & Horrobin, 2002) 
and affective disorders (see Van Strater & Bouvy, 2007 and Schachter et al., 2005). 
Clinical relevant effects are only seen in more severe depressions (Appleton et al., 
2010). Some studies suggest that LC-PUFA’s are effective in the treatment of  ADHD 
in children (Richardson, 2004), although effect sizes are (very) small (0.07-0.15; Buch-
ner et al., 2009), and clinically not relevant (see also Puri & Martins, 2014). 
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Ω-3 LC-PUFA’s and (auto)aggression 
Hibbeln et al. (1998) suggested that low ω-3 levels are associated with violence, suicide 
and impulsive disorders. Evidence is provided by several observational and experi-
mental studies. In an observational study, Irribaren et al. (2004) found an association 
between high levels of hostility in people and low fish consumption. Ecological stud-
ies by Hibbeln (Hibbeln, 2001; Hibbeln et al., 2004a) revealed a negative dose re-
sponse  relationship between homicide rates in 26 countries and fish consumption. 
Low DHA  levels have been associated with high levels of stress hormones in domes-
tic violence perpetrators (Hibbeln et al, 2004b). Stevens et al. (1996) showed that low 
ω-3 fatty acid levels are associated with externalizing behaviour in 6-12 year old boys 
and Virkkunen et al. (1987) found low levels of DHA in violent prisoners. 
There is evidence from experimental studies suggesting  a causal link  between ω-3 
fatty acid levels and aggression. In a recent overview of thirteen intervention studies 
with ω-3 fatty acids, Hamazaki & Hamazaki (2008) reported significantly lowered 
hostility and aggression in eight studies, one study showed a negative result, two stud-
ies showed no results, and in two studies the results were mixed. Earlier, Benton 
(2007) calculated a (medium large) average effect size of 0.61 (CI -.88 to -.35),  in a 
meta study of 8 RCT’s. 
Several observational studies show an association between ω-3 fatty acid levels and 
auto aggression (Hamazaki & Hamazaki, 2008). Garland et al. (2007) for instance 
showed that patients presenting self-harm tendencies have low ω-3 LC-PUFA  levels. 
In both a Chinese (Huan et al., 2004) and a U.S. study (Sublette et al., 2006) low DHA 
levels were associated with high recidivism rates in patients after a suicide attempt. In 
a small randomised, placebo controlled trial, supplementation with 1.2 g EPA and 0.9 
g DHA, (Hallahan et al., 2007) was superior in reducing depression, suicidal ideation 
and stress in a group of patients with recurrent self-harm. There was no effect how-
ever on overt (auto) aggression in this study. 
In two of the earlier mentioned prisoner studies (Gesch et al., 2002; Zaalberg et al., 
2010), ω-3 fatty acids might have played a role. However, since numerous other nutri-
ents were used in these studies, it is not possible to determine if the ω-3 fatty acids 
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contributed to the effects that were found. Recently, Long & Benton (2013), assessed 
the effect of vitamins, minerals and DHA on aggression in a group of young adult 
males in an experimental, four-armed study (placebo, vitamins/minerals, DHA and 
vitamins/minerals + DHA). Results suggested that DHA was the active aggression 
reducing ingredient, and that vitamins and minerals were not effective. Very recently 
Raine et al. (2014) reported substantial behavioural improvement (as measured with 
the CBCL) in schoolchildren in Mauritius after supplementation with ω-3 fatty acids 
(see paragraph 2.2.6).  
Although research findings suggest a possible causal relationship between ω-3 fatty 
acid blood levels and aggression, it must be noted that many studies were small (al-
though more recent studies sizes were substantial), and that some findings are con-
flicting. A recent FAO expert paper on the strength of the evidence linking fatty acids 
to a broad range of ill conditions (FAO, 2010), judged the evidence linking ω-3 fatty 
acids to aggression as ‘possible’, meaning that there is limited evidence, but that more 
research is warranted. After this publication, several new (positive) studies (Zaalberg 
et al, 2010; Long & Benton, 2013; Raine et al., 2014) were published.  
  
 Ω-3 LC-PUFA’s and addiction 
Little is known about the relation of ω-3 fatty acids with addiction. In the last decade 
however, Buydens-Branchey and colleagues (Buydens-Branchey et al., 2003a, 2003b;  
Buydens-Branchey & Branchey, 2006, 2008) have studied the relationship between 
LC-PUFA status and behaviour in addicts. In several small case control studies they 
found associations. In one study (Buydens-Branchey et al., 2003a) they compared 
cocaine addicts with and without a history of violence at the start of treatment in a 
locked treatment facility. Addicts with a history of violence had lower blood levels of  
ω-3 fatty acids, most notably DHA. After two weeks of healthy diet these values im-
proved, although small differences in favour of non-violent addicts remained, how-
ever without reaching statistical significance. In two other small studies (Buydens-
Branchey et al. (2003b, 2009)  relapse rates in substance abusers appeared to be asso-
ciated with poor fatty acid status. More recently Buydens-Branchey & Branchey (2006, 
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2008) demonstrated the efficacy of ω-3 fatty acids in the treatment of a group of alco-
hol, cocaine and heroin addicts. In these studies feelings of anger and anxiety de-
creased substantially in the experimental condition. These effects persisted for several 
months after discontinuation of the treatment. Although intriguing, the results of the 
research of Buydens-Branchey and colleagues are still very preliminary. It was unclear 
if the deviant fatty acid levels in addicts preceded, or were the result of addiction and 
associated levels of anger and anxiety. The results of the small experimental studies are 
suggestive of a causal relationship between fatty acid status and aggressive tendencies 
in addicts. However, the impact of ω-3 supplementation on criminal behaviour in 
general and criminal  recidivism in particular, and on relapse in addiction was not 
measured in this study. Furthermore, to date, the Buydens-Branchey et al. studies are 
the only studies providing some experimental evidence, so more research is needed to 
establish a more firm causal relation between ω-3 fatty acids and aggression in addicts.  
 
2.4.2 Minerals 
Although many vitamins and minerals have been associated with health and – some-
times – behaviour, only a few have been studied in association with externalizing be-
haviour.  
 
Lithium  
This (ultra)trace element is known for its therapeutic properties in patients suffering 
from bipolar disorders. In therapeutic doses – several hundreds of milligrams, up to 
several grams per day – lithium has proven to be effective in the treatment and relapse 
prevention of mania (Geddes et al., 2004) and it is appreciated by clinicians for its 
mood stabilizing effect in bipolar disorders. Furthermore, in similar high doses, lith-
ium reduces suicide, para-suicide  and deliberate self-harm rates in patients with affec-
tive disorders (bipolar disorder in particular) dramatically (Cipriani et al., 2005; Müller-
Oerlinghausen & Lewitzka, 2010). In two controlled trials (Campbell et al., 1995; 
Malone et al., 2000) high doses of lithium also demonstrated to be effective in the 
treatment of extreme aggressiveness in children and adolescents diagnosed with con-
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duct disorder. In an open label study, Tupin (1973), treated extremely violent prison-
ers with high doses of lithium for an extended period (up to 18 months), resulting in 
less overt aggression. Earlier, Sheard (1971) demonstrated in a small RCT (N=12) that 
therapeutic doses of lithium have the potential of dramatically reducing aggression in 
male prisoners. In another small – open label – study, Prado-Lima et al. (2001) sug-
gested that lithium is effective in the treatment of child abusing mothers. Although 
effective in the treatment of aggression, lithium in therapeutic high doses has a major 
downside, e.g. the frequent occurrence of adverse side effects. Furthermore, the mar-
gin between therapeutic and toxic blood levels of lithium is small. 
Less known are the associations of moderate amounts of lithium (as found in the 
human diet;  several hundreds of µg per day (Nielsen, 1998)), and aggressive behav-
iour.  Schrauzer et al. (1992) found decreased levels of lithium in hair samples of vio-
lent criminals in California, Florida and Oregon, as compared to normal controls. 
Earlier, in an ecological study,  Schrauzer & Shrestha (1990) found high – especially 
violent – crime and suicide rates in Texas counties (N = 27) with low levels (0-12 
µg/L) of lithium in drinking water, as compared to counties with relatively high levels 
(70-160 µg/L) (relative risks: total crime: 1.46; homicide: 2.25; rape: 2.08; robbery: 
2.40; suicide: 1.63). In a later (placebo controlled) study, Schauzer & de Vroey (1994) 
demonstrated a positive effect of moderate amounts of lithium (400 µg per day) on 
mood in a group of former drug users. Recently, Ohgami et al. (2009) found a nega-
tive dose response relationship between suicide rates and lithium levels in tap water in 
18 Japanese municipalities. 
 
Magnesium 
In a small number of studies, low intra-erythrocyte magnesium levels have been asso-
ciated with more severe symptoms in children with ADHD (Kozielec & Strarobrat-
Hermelin, 1997). In an intervention study, hyperactivity and aggression in children 
suffering from ADHD decreased after supplementation with relatively small doses (6 
mg/Kg/day) of magnesium (Mousain-Bosc et al. 2006a). In a parallel study, Mousain-
Bosc et al. (2006b) also suggested the effectiveness of magnesium in the treatment of 
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children suffering pervasive developmental disorder (PDD). As compared to normal 
controls magnesium levels were low (and rose after supplementation) in children suf-
fering from ADHD and PDD. Magnesium is known to play an important role in en-
ergy metabolism and signalling between neurons, suggesting an important role in brain 
functioning. The very limited number of studies – experimental studies in particular – 
warrants no firm conclusions on the possible effectiveness of magnesium as a behav-
iour modifying agent.   
 
Zinc 
Zinc is another essential mineral that has been suggested to effect behaviour in a small 
number of studies. As a constituent of several hundreds of enzymes (Sandstead, 2000) 
zinc plays an important role in numerous metabolic processes, especially in the brain 
(dopamine,  serotonin and fatty acid metabolism;  Sandstead et al., 2000; Frederickson 
et al., 2000; Black, 2003; Bilici et al., 2004). Zinc deficiency has been associated with 
severity of ADHD symptoms (Toren et al., 1996; Bekaroglu et al., 1996), mood disor-
ders (Sawada & Yokoi, 2010) and aggression (Walsh et al., 1997). Notably, zinc blood 
levels interfere with blood levels of numerous other essential minerals. In preliminary 
trials, zinc has successfully been tested as a therapeutic agent. In two studies, symptom 
reduction was achieved in children suffering from ADHD (Akhondzadeh et al., 2004; 
Bilici et al., 2004). A recent, small (N = 52) but well controlled study with children (6 
– 14 years of age) suffering from ADHD (Arnold et al., 2011) showed only minor 
effects. In two other studies  woman suffering from mood disorders turned out to be 
less hostile and angry after zinc supplementation (Sawada & Yokoi, 2010), and in pa-
tients with unipolar depression zinc supplementation was associated with faster recov-
ery as compared to treatment with standard (farmaco-) therapy alone (Nowak et al., 
2003). Based on the limited and sometimes conflicting evidence, it is still too early to 
conclude that zinc is a therapeutic agent, although it definitely is a candidate for fur-
ther research. 
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Iodine 
Iodine plays a central role in the production of the thyroid hormones, thyroxin (T4) 
and tri-iodothyronin (T3) which are critically involved in early foetal growth and de-
velopment, the central nervous system included (Delange, 2000). Iodine deficiency is 
widespread and is considered a major, but preventable problem worldwide (WHO, 
2007), not only in the developing countries, but in several modern western countries 
as well (Rayman et al., 2008; Zimmerman, 2009; Murcia et al., 2010). Besides goiter 
and cretinism, one of the most striking cognitive consequences of iodine deficiencies 
is IQ loss. Infants born to mothers living in endemically deficient environments suffer 
IQ losses of up to 10-15  points and more, as compared to children born to mothers 
in iodine adequate environments (Hetzel, 2000; WHO, 2006; Renner, 2010). In a re-
cent prospective cohort study (N = 1040), Bath et al. (2013) suggested that even mild-
to-moderate iodine deficiency in pregnant women negatively impacts intelligence and 
school performance in their offspring. The impact of deficiencies on communities as a 
whole has dramatically been suggested by Hetzel (1994). He observed increased pros-
perity and growth in the number of marriages with people from other communities in 
a iodine deficient Chinese community after the introduction of iodine by the Chinese 
health authorities. Previously, these people were perceived as ‘stupid’, and not fit for 
out-marrying. Although suggestive, the observations mentioned above don’t warrant 
causal inference, since the intervention did not take place in an experimental, random-
ized context.  
Much of the iodine research is dedicated to medical conditions and intelligence, but 
behavioural studies are rare. Recently however, Vermiglio et al. (2004) found high 
rates of  ADHD among children born to moderate iodine deficient mothers in a pro-
spective study. In a cross-sectional study, Martinez et al. (2008) found an association 
between moderate iodine deficiency and disruptive behaviour in school children. Re-
cently, in a large (N = 3736)  Dutch prospective cohort study, Henrichs (2010) re-
ported that high levels of thyroid stimulating hormone (TSH)5 during gestation were 
                                                     
5 High TSH levels are associated with low thyroxin levels, a iodine dependant hormone. 
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associated with later externalizing behaviour in offspring. The same cohort was used 
by van Mil et al. (2012), who demonstrated that mild-to-moderate iodine deficiency in 
pregnant women was associated with cognitive deficits (most notably inhibition and 
impaired working memory) in their offspring at 4 years of age. The authors noted that 
these deficits are characteristic of ADHD, but also of oppositional defiant disorder 
and conduct disorder at school age. Although iodine has been associated with known 
‘predictors’ of delinquent and criminal behaviour (ADHD and low IQ), and some 
studies suggest a link with externalizing behaviour in children, evidence linking this 
mineral to crime is absent.  
 
2.4.3 Sugar 
According to common belief by laymen, sugar, refined sugar in particular, has detri-
mental effects on behaviour. It is believed that excessive sugar consumption enhances 
aggressive tendencies, and worsens symptoms in ADHD.  Several observational stud-
ies suggest a link between sugar consumption and behaviour.  Lien et al. (2006) found 
a dose response relationship between soft drink consumption and externalizing behav-
iour adolescents in a Scandinavian study. In an English retrospective study, Moore et 
al. (2009) found that excessive consumption of confectionery at age 10 years predicts 
convictions for violence in adulthood.  Solnick et al. (2011) reported that U.S. adoles-
cents who drank more than five cans of soft drinks per week, were significantly more 
likely to carry weapons, and being aggressive towards peers, family members and dates 
than adolescents who drank less than five cans per week. The data also suggests a 
dose response relationship.  
There is no experimental evidence however supporting these observational findings. 
Experimental studies, on the contrary, suggest that (refined) sugar does not effect 
behaviour in healthy people. Based on a meta-analysis of 16 double blind placebo 
controlled studies with sugar, Wolraich et al. (1995) concluded that sugar has no det-
rimental effects on behaviour or cognitive performance in healthy children. 
Contrary to common belief, there is evidence that sugar might play an important role 
in self-control. Self-control is a process that is relying on energy provided by glucose, 
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a simple sugar (monosaccharide), obtained by enzymatic conversion of sucrose  
(a disaccharide). The brain, importantly the prefrontal cortex which is involved in 
impulse control, has only a very limited energy store of glycogen, and is highly de-
pendent of sufficient levels of glucose in the blood. Depletion of glucose can lead to 
impaired self-control task performance, known as ego depletion (Gailliot & Baumeis-
ter, 2007; Hagger et al., 2010). There is evidence that people suffering from low fast-
ing glucose levels – a condition called mild hypoglycaemia –  have a reduced capacity 
to control impulses. It must be noted that more severe hypoglycaemia is not associ-
ated with impaired impulse control. 
Virkkunen & Huttunen (1982; see also Virkkunen 1986) showed that violent offend-
ers are often suffering from mild hypoglycaemia. Mild hypoglycaemia has been associ-
ated with hostility and aggression in Peruvian indians (Bolton, 1973, 1976), offenders 
(see Benton, 2007) and married couples (Bushman et al., 2014). Svanborg et al. (2000) 
found a similar relationship between low blood glucose and behaviour within a group 
of psychiatric outpatients. In this study, low glucose levels in males were associated 
with a low stable general level of functioning, high impulsiveness, and self-assessed 
histrionic and narcissistic traits. Remarkably, low blood glucose in females was only 
associated with histrionic traits. Recently, Virkkunen et al. (2009) showed that im-
paired glucose metabolism strongly predicted violent recidivism in a group of impul-
sive, violent antisocial offenders (R2 = 0.27; ROC analysis, area under the curve 0.85,  
p < .001). Despite the research findings described above, the hypoglycaemia-
aggression hypothesis remains highly controversial (see Messer et al., 1990; Lange & 
Kurzban, 2014). 
 
 
2.5 Discussion 
 
Notwithstanding mounting evidence that diet and externalizing behaviour are associ-
ated, the overall picture is still vague and confusing. Evidence comes from a wide 
variety of sources, ranging from ecological studies to randomized controlled trials, 
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with prospective cohort studies taking an intermediate position, and from studies on 
single nutrients to studies on dietary patterns. Evidence that the relationship between 
diet and externalizing behaviour is causal is relatively scarce. 
Besides evidence linking diet and externalizing behaviour there is evidence that diet is 
also associated with known risk factors of externalizing behaviour in adulthood, as in 
the case of low intelligence and impaired impulse control in early life.  
The strength of the evidence differs per nutrient and dietary pattern. Perhaps the best 
studied nutrients as related to externalizing behaviour are the ω-3 fatty acids. Two 
meta analyses suggest that EPA and DHA are effective in the treatment of aggression 
(Hamazaki & Hamazaki, 2008; Benton, 2007), but optimal ratios and doses are not 
known. 
In the case of iodine, there is consensus among researchers about the detrimental 
effects of deficiencies on intelligence in children. Furthermore there is growing insight 
in the biochemical mechanisms of iodine in the body. There is hardly any evidence, 
however, (only three observational studies), linking iodine to externalizing behaviour. 
Other minerals like zinc and magnesium have been causally linked to ADHD symp-
toms, but the number of studies is limited. 
The study of dietary patterns as related to externalizing behaviour has – so far – yield-
ed some new insights. The Mauritius study strongly indicates that dietary improve-
ments can have lasting positive effects on the behaviour of malnourished children. 
School meal studies provide another potential avenue. So far, (externalizing) behav-
iour has not been the primary focus in these studies. Future studies – and on-going 
studies – should pay attention to externalizing behaviour – early delinquent behaviour 
in particular – more explicitly. In line with results from the Mauritius study and early 
Latin American studies (Barrett & Radke-Yarrow (1985), special attention should be 
paid to populations who are at risk of poor nutritional status.   
Recent supplementation studies with offenders (Schoenthaler et al., 1997, 2000; Gesch 
et al., 2002; Zaalberg et al., 2010) indicate that extra vitamins, minerals and fatty acids 
could have some effect on externalizing behaviour in young adult offenders. It should 
be noted however, that results were based on subjective judgements made by prison 
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staff, within markedly different prison systems. The use of standardized instruments 
could improve the comparability of future studies. Other groups of offenders also 
could be studied in future studies, preferably also in the ‘free world’. This last context 
has the advantage of avoiding so called ‘contamination’ that takes place when partici-
pants from different experimental conditions are mutually exposed to each other, like 
in a prison environment.  On the other hand, the fact that similar study results were 
obtained despite different cultural contexts, suggests some external validity of the 
findings, as far as young offenders in a prison context ware concerned.  
Dietary interventions do have some distinct advantages, as compared to pharmaco-
therapy and cognitive therapies. Firstly, dietary interventions are safe, and provided 
that – in the case of supplement use – (micro)nutrients are offered in moderate 
amounts6, only few – if any – side effects are to be expected.  
Recently, Rucklidge et al. (2014a), suggested that even relatively large doses7 of vita-
mins and minerals can be safe. In a RCT these researchers provided adult patients 
suffering from ADHD with large amounts of micronutrients (see Rucklidge et al. 
(2014b). As compared to patients in the placebo condition, patients in the experimen-
tal condition did not report more adverse effects. Furthermore there were no group 
differences found on a set of haematological safety markers8. Although this study and 
other studies (see Simpson et al., 2011) suggest that large doses of micronutrients 
might be safe for limited periods of time (in this case 8 weeks), no conclusions can be 
drawn about the safety of intake of large amounts of micro-nutrients for extended 
periods, based on these studies.  
Furthermore, nutritional interventions can be economical, since dietary supplements 
are affordable, and menu changes can be implemented without high costs. Dietary 
interventions may also be less burdening than other therapeutic options. Finally, con-
                                                     
6 Up to recommended daily allowance (RDA) amounts. Higher amounts are considered safe as 
long as tolerable upper intake levels (UL’s) are not exceeded. See for RDA’s and UL’s for 
instance the website of the European  Food Safety Authority (EFSA), http://www.efsa.eu.   
7 Up to, and in some cases exceeding the tolerable upper intake levels.   
8 Only prolactin levels were elevated (p = 0.006), but remained within the normal clinical range. 
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trary to pharmaco and cognitive therapy, there are hardly any exclusion criteria (for 
instance – rare – allergies).  
In conclusion, in counteracting externalizing behaviour, dietary interventions might 
have some effect, although the effect sizes are probably just small to moderate. Several 
lines of research offer some promise, but the evidence is still inconclusive. There are 
no interventions yet that are ready for broad implementation in clinical practice. 
Moreover, dietary interventions are not intended, nor have the potential, to fully re-
place conventional approaches in counteracting externalizing behaviour. They can 
potentially provide clinicians (and caregivers) with better baselines in treatment, or, 
even better, help prevent externalizing behaviour. Furthermore, dietary interventions 
can be applied in concert with conventional treatment. 
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3 
 
 LEAD AND CRIMINAL BEHAVIOUR 
 
A narrative review  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter previously appeared in Dutch as: Zaalberg, A. (2010). Lood en crimina-
liteit [Lead and crime]. Tijdschrift voor Criminologie [Journal of Criminology], 54, 48-61. The 
English version – Zaalberg, A. Lead and criminal behaviour, a narrative review of 
recent studies on the effects of a neurotoxic metal. –  has been submitted for publica-
tion. 
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Abstract. 
 
Research shows that the metal lead still has – despite a reduction in levels in our 
environment – an albeit modest, but negative effect on our health. Notwithstanding 
government measures, such as a ban on lead in gasoline and paint, blood lead levels in 
the  Dutch population are still well above the natural background level. Recent 
research shows that even at levels that were considered safe until recently, health 
effects are still detectable. Lead affects mental functioning. Studies show that very low 
blood lead levels are associated with reduced intelligence and numerous mental 
disorders. From a criminological point of view, the potential impact of lead in the 
development of criminal behaviour is relevant. 
Keywords: lead – criminal behaviour – ADHD – IQ. 
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3.1 Introduction 
 
This paper deals with lead, a toxin that has been associated with a large number of 
somatic disorders (EFSA, 2010; Bellinger, 2011) and negative effects on behaviour. In 
a growing number of studies, lead has also been linked to criminal, delinquent and 
aggressive behaviour. Both studies showing an associations between lead exposure 
and risk factors for criminal behaviour, and studies suggesting a more direct 
relationship with criminal behaviour, will be discussed below. Subsequently, possible 
causality of these relations will be discussed. 
Lead is a neurotoxicant, a toxin that has detrimental effect on the central nervous system 
(CNS). Because lead is especially harmful to foetuses and – particularly young – 
children, it is called a developmental neurotoxin ( Grandjean & Landrigan, 2006; 
Schwarz & Hu, 2007). Carpenter & Nevin (2010) argued that neurological defects 
caused by substances is manifested according to a defined set of cognitive and 
behavioural problems: reduced intelligence, affective problems, attention problems, 
hyperactivity, impulsivity and antisocial behaviour. Some developmental neurotoxins 
are ubiquitous in the environment. Despite the fact that levels are often low, there is 
evidence of subtle negative effects on large populations, particularly children. Because 
of the world wide scale of the effects, Grandjean & Landrigan (2006) speak of a silent 
pandemic.  
In this paper we focus on lead. This substance is of a criminological interest because 
elevated levels in blood and bone tissue, as reported in a number of studies, have been 
associated with criminal, delinquent and aggressive behaviour. In addition, lead has 
been associated with behaviours and disorders that are associated with criminal 
behaviour in a large number of studies. 
Lead has a large number of sources, such as old lead-based paint, lead piping in water 
supply systems, and numerous industrial processes and products. In the past, leaded 
gasoline was the main source. Lead enters the body mainly through digestion and by 
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inhalation9. A level of 10 µg/dL has been established as safe upper level in blood 
samples. Levels above 60 µg/dL are associated with overt signs of poisoning (Gürer & 
Ercal, 2000). However, recent research shows that levels significantly lower than 
10µg/dL still can be harmful. To date, no threshold – a minimum value below which 
no adverse effects are found – has been determined (Bellinger & Needleman, 2003). 
The natural background level of lead in the blood is probably lower than 0.02 µg/dL 
(Hubbs-Tait et al., 2005). In most Western countries, blood lead levels are on average 
between 1 and 2 µg/dL (approximately 100 times the estimated background value), 
but in many Third World countries, levels are considerably higher. Lead accumulates 
in soft tissues (the brain, liver, kidneys), and in bone tissue. Especially the 
accumulation in bone is notorious; herein lead can stay for decades. After excretion of 
lead (predominantly from the blood, mainly through the kidneys and bile), blood lead 
levels can be replenished from the stacked stock (mainly from bone tissue) for 
extended periods.  
 
 
3.2 Lead and disorders that may be associated with criminal behaviour 
 
In a number studies, association between lead exposure and delinquent, criminal, 
antisocial and aggressive behaviour have been determined. These studies are discussed 
in the next paragraph of this paper. There are more studies suggesting however a 
more indirect relationship with this behaviour. It mainly concerns studies on the 
relationship of lead and low intelligence, ADHD characteristics, and externalizing 
behaviour. Additionally, a recent study on a possible link between lead and addiction 
will be discussed briefly. Further, some studies on a possible relationship with 
psychiatric disorders such as schizophrenia (Opler et al., 2008) have been conducted. 
These studies are not discussed in this paper because of the limited criminological 
relevance. 
                                                     
9 Although some organic lead compounds can also be absorbed through the skin.  
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3.2.1 Impaired intelligence 
There is little controversy in criminology about the association between intelligence, 
and delinquent and criminal behaviour. There is still debate however on the nature of 
this association. According to some authors, a causal relationship is plausible (Moffitt 
& Silva, 1988; Narag et al., 2009). It has been argued that low intelligence might lead 
to poor school performance and dropout, and limited verbal skills, thus increasing the 
vulnerability for criminal behaviour. Numerous studies –  Kaufman counted 26 
studies in a review in 2001  (Kaufman, 2001) – that reported associations of blood 
lead levels and impaired intelligence. Notably, this relationship has been found more 
pronounced at the lowest blood lead levels observed. Canfield et al. (2003) reported a 
difference of more than 7 IQ points between children with very low blood lead levels  
(< 1 µg/dL ) as compared to children who had moderately high blood lead levels (10 
µg/dL). In children with a higher levels (> 10 μg/dL) IQ losses of 2 points for each 
additional 10 µg/dL have been observed. Meta-analyses confirm this picture of a steep 
decline at low blood lead levels and a less steep decline at higher levels (Lanphear et 
al., 2005). Current elevated  blood lead levels seem to have a negative effect on 
intelligence. In addition, there is evidence that very early exposure (during gestation) 
can cause damage to  the CNS leading to permanent effects on intelligence later  in 
life (10 years and more) (Schnaas et al., 2006). In a recent prospective study 
Mazumdar et al. (2011) reported that lead exposure in early life is also associated with 
reduced intelligence in adulthood (28-30 years). In an ecological study, Nevin (2009) 
suggested  that historical trends of lead emissions into the environment are associated 
with the incidence of mild mental retardation in the US. The World Health 
Organization (WHO) has estimated the health loss, due to the global prevalence of 
these lead burden associated disabilities. This health loss caused by mild intellectual 
retardation was estimated at 9.8 million Disability Adjusted Life Years (DALYs) 
(Fewtrell et al., 2004). Nevin (2009) also reported a (negative) association between 
historical lead emission trends and the national average school achievement scores in 
secondary education in the U.S. 
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Not only at the population level but also at the individual level associations have been 
found between low-level lead exposure and school achievement and behaviour, for 
instance in large U.S. and British prospective cohort studies (Miranda et al., 2007; 
Chandramouli et al., 2009). Amato et al. (2013) reported a positive association 
between blood lead levels early in life (< 3 years) and fourth  grade school suspension 
in US school children. 
 
3.2.2  ADHD characteristics 
Some researchers suggest that there is a direct –  perhaps causal –  relationship 
between ADHD and an increased propensity for criminal behaviour (Fletcher & 
Wolfe, 2009). The causal pathway would run from school dropout and social isolation 
to impulsivity, and from impulsivity to criminal behaviour. More researchers however, 
believe that ADHD must be understood as a major risk factor (Buitelaar, 2001; 
Cunroe & Langevin, 2010), but this relationship is not necessarily causal. Not as much 
ADHD, but the oppositional and defiant behaviour that often accompanies the 
disorder, or later in youth developing conduct disorder (CD) could explain the 
association. CD as a developmental precursor of psychopathy probably has a more 
direct relationship with criminal behaviour. (Campbell et al., 2000; Loeber et al., 2002). 
The prevalence of ADHD, combined with CD in perpetrators of crimes is high 
(Buitelaar, 2001). 
The relationship between lead and ADHD characteristics has been studied intensively 
(Bellinger, 2004, 2008). As with intelligence, this relationship has been observed  
worldwide at low blood lead levels in various age groups, ranging from very young (11 
months Plusquellec et al., 2007) to older children (Wang et al., 2008). The relationship 
between lead exposure and ADHD characteristics appears to be robust and  more 
pronounced than in the case of intelligence. Wang et al. (2008 ) for instance, found 
that Chinese schoolchildren (4-12 years of age) are five times more likely to be 
diagnosed with ADHD when current blood lead levels are slightly elevated (5-10 
µg/dL) as compared to children with lower blood lead levels (<5 µg/dL). Nigg et al. 
(2010) and Cho et al. (2010) recently suggested that ADHD characteristics and blood 
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lead levels are still associated at very low blood lead levels (in the Nigg et al. study: 
mean blood lead level 0.7 µg/dL; Cho et al.: 2 ug/dL). Assuming that there is a causal 
relationship, Braun et al. (2006 ) presume that the current modest lead exposure in the 
U.S. (which results in a mean blood lead level of approximately 2 µg/dL) is causing 
290,000 extra cases of ADHD in children. According to Nicolesco et al. (2010), the 
combination of hyperactivity/impulsivity in particular (and not so much the attention 
component of the disorder) is strongly associated with lead exposure. If the U.S. 
figures would be extrapolated to the Netherlands, there possibly could be 
approximately 15,000 additional cases of ADHD among children. 
 
3.2.3 Externalizing behaviour 
Externalizing behaviour during childhood is considered an important risk factor for 
later delinquent, criminal and aggressive behaviour by many criminologists (Liu, 2004). 
In several studies a relationship between lead exposure and the externalizing 
behaviour has been suggested (Bellinger, 2004, 2008 ; Hubbs-Tait et al., 2007; Chen et 
al., 2007; Narag et al., 2009). Chen et al. (2007) for example, investigated whether 
elevated lead levels in young children predicts this behaviour. They found that in 7-
year-olds especially current blood lead levels are associated with externalizing 
behaviour, often accompanied by lower intelligence. In the aforementioned 
prospective cohort study of Chandramouli et al. (2009) a similar association with 
antisocial behaviour in children was observed. Also more severe behaviour problems, 
as in the case of CD, have been associated with body lead burden. In a large cohort 
study with 8 to 15 year old children, Braun et al. (2008) reported a strong association 
between low blood lead levels and CD. In that study, blood lead levels between 0.8 
and 1 µg/dL were associated with a more than 7 times higher likelihood of  CD (as 
compared to blood lead levels of 0.7 µg/dL or less). 
 
3.2.4 Psychopathy 
The psychopathic personality (psychopathy) is characterized by superficial charm, 
callousness, risk taking, poor impulse control, fearlessness, social dominance and 
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immunity to anxiety (Lilienfeld et al., 2012). Psychopathic traits are considered strong 
predictors of criminal behaviour. Psychopathy has however only once been studied on 
a possible association with lead (Wright et al., 2009). In this retrospective cohort study 
of 250 young adult Americans, high blood lead levels reported at the age of 6.5 years, 
were positively associated with high psychopathy scores in adulthood. In this study, 
psychopathy was measured with the Psychopathic Personality Invertory (PPI). 
 
3.2.5 Addiction 
To date, a possible relationship between lead and addiction has hardly been explored. 
Fishbein et al. (2008) however, found elevated lead levels in bone tissue of female 
heroin addicts in a recent pilot study. They speculate that high bone lead levels were 
most likely built up from early childhood, in the period preceding addiction. This high 
lead burden might have contributed to the development of addictive behaviour. 
Fishbein et al. (2008) also presented evidence from experimental animal studies 
suggesting an increased tendency to develop opiate addiction in animals exposed to 
dietary lead. Earlier, Nation et al. (2003) found that offspring of rats exposed to lead 
as foetus were more vulnerable to cocaine addiction. 
 
 
3.3 Studies specifically linking lead to delinquent and criminal behaviour 
  
3.3.1 Ecological studies 
Several studies have suggested an association between lead exposure and criminal 
behaviour in ecological studies. Nevin (2000, 2007) and Reyes (2007) used nationwide 
annual lead emissions in the U.S., and Stretesky & Lynch (2001, 2004) used the 
ambient air lead levels at county level in the US. In his 2000 study (Nevin, 2000), 
Nevin used trends in annual lead burden caused by lead-based paint (especially in the 
period before 1940) and trends in lead emissions from leaded gasoline powered 
engines as independent variable in a historical correlational study. The study period 
ran from the end of the 19th century to the first years of the third millennium. Nevin 
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linked this national lead exposure data with a number of behavioural statistics, 
including various types of criminal behaviour.  He calculated time lags (a period 
between exposure and the appearance of the behaviour to be determined) for several 
behavioural categories.  He found that homicide statistics (expressed as number of 
murders per 10,000 per year) were most strongly associated with lead exposure when 
using a time lag of 21 years. For other behavioural measures, Nevin found similar, 
although slightly different time lags. Research in other countries (Nevin, 2007) 
confirmed the earlier U.S. findings. Reyes (2007 ) supported Nevin's analysis, but also 
pointed to other factors, such as the growth of the prison system and the legalization 
of abortion. Recently, Mielke & Zahran (2012) replicated Nevin’s findings in a study 
comparing the association between lead emissions and crime rates for 6 large 
American cities. Both Nevin and Reyes expect a further downward trend in violence 
statistics caused by the delayed effect of ever decreasing lead levels. In addition to a 
possible relationship with criminal behaviour and intelligence, Nevin also found a 
relationship between lead exposure and the prevalence of teenage pregnancies, a 
finding that was supported by a later case-control study by Lane et al. (2008). Nevin 
(2000) hypothesizes that impaired impulse control is at the basis of both criminal 
behaviour and high risk sexual behaviour in  adolescents.   
Stretesky & Lynch ( 2001, 2004) investigated a possible association between airborne 
lead and violent crime statistics in 3111 counties in the U.S. After controlling for 
various confounders, Stretesky & Lynch found that higher concentrations of lead in 
ambient air were associated with higher crime rates (Stretesky & Lynch, 2001; IRR: 
4.12, p < 0.05. Counties with the highest ambient air lead levels compared to the 
cleanest counties). In a second study Stretesky & Lynch (2004) also found a 
relationship with property crimes. In this latest study Stretesky & Lynch investigated 
whether this relationship was affected by resource deprivation (lack of income 
sources). They noted that resource deprivation enhances the negative effect of lead.  
Noteworthy are the air lead levels in many Third World countries. Hopke et. al. (2008) 
found (sometimes extremely) high values in urban areas in Asia. Caravanos et. al. 
(2013) found extremely high lead levels in soils near waste sites. To our knowledge, 
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there are, to date,  no studies on the relationship between lead in the environment and 
crime in such countries. 
 
3.3.2 Lead Studies with individuals 
There are also studies reporting on the individual lead levels in blood, hair, teeth, or 
bone tissue. On this individual level, Pihl & Erwin ( 1990) found relatively high levels 
of lead in the hair samples of convicted violent offenders. Findings from a prospective 
study by Wasserman et. al. (2001) suggested that lead exposure during early life is 
associated with high delinquency scores at age 5 in a group of children in the former 
republic Yugoslavia. Earlier,  Burns et. al. (1999) found a similar association in slightly 
older Australian children (11-13 years). Wright et. al. (2008 ) suggest that this 
relationship persists into early adulthood (19-24 years). They suggest that each 
increase of 5µg/dL (measured in blood during the first years of life) is associated with 
an increase in the number of arrests by 40% later in life. Previously Dietrich et al. 
(2001), found a similar relationship in adolescents. Needleman et al. (1996 ) measured 
bone lead levels in 301 schoolchildren. This data was – retrospectively – correlated 
with behaviour in the  previous years. Lead levels found in bone tissue were ( 
positively) associated with somatic complaints, delinquent behaviour, aggression, 
internalizing and externalizing behaviour, and attention problems. In a case- control 
study of Needleman et al. (2002) a group of convicted young offenders was compared 
with a group of non - delinquent matched controls. The lead levels in the bone tissue 
of the offenders turned out to be more than seven times higher. Evidence of a lead-
delinquency link also  comes from studies on lead levels in teeth and teeth enamel 
(Needleman et al., 1990; Fergusson et al., 2008; Olympio et al., 2010). 
 
 
3.4 Possible causality; using the criteria of Bradford Hill 
 
For obvious ethical reasons, it is not possible to prove causality in the relationship of 
lead and behavioural outcomes in an experimental context. Much of the evidence is 
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observational in nature and has been gathered using observational studies, such as 
case-control studies and prospective cohort studies. Such designs do not warrant 
causal inference, although results of prospective studies sometimes are suggestive of 
cause and effect. There is however always the possibility of confounding and even 
reverse causality cannot always be ruled out. In order to make statements about 
causality in the absence of experimental data, Bradford Hill (1965), proposed the use 
of a set of nine causality criteria. He developed this set as a tobacco researcher. 
Bradford Hill used these criteria in his quest for evidence of a causal link between 
tabacco smoking and serious health problems. Although statements based on this 
often used set of criteria strictly do not warrant conclusions on causality, they can add 
to the plausibility of such a relationship.  
 
 
The causality criteria of Bradford Hill (1965): 
 
1  Strength. Is the relationship strong ? 
2  Consistency. The relationship repeatedly observed by different individuals and groups, 
in different places, under different circumstances and at different times ? 
3  Specificity. Is it plausible that the effect can be attributed to the independent variable? 
4  Temporality. Is the outcome preceded by the exposure ? 
5  Biological gradient. Is there a dose-response relationship ? 
6  Biological plausibility. Are the findings in harmony with biological findings ? 
7  Coherence. Are the findings supported by generally accepted facts from other 
scientificdisciplines? 
8  Experimental evidence. Is there support from (quasi -) experimental evidence from 
animal and human studies ? 
9  Analogy. Are there any substances known to have similar effects?  
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Lead research provides, when  judged with these criteria, the following picture: 
 
1. Strength 
Many studies show small effects that are however remarkably robust. But there are 
also studies showing large odds ratios, relative risks and incident rate ratios. This is 
particularly true for studies in which a relationship between lead exposure and 
delinquent and criminal behaviour was examined (Dietrich et al., 2001; Wright et al., 
2008; Nevin, 2000; Stretesky & Lynch, 2001, 2004 ). 
2. Consistency 
Especially the relationship between lead (measured in the blood) on the one hand, and 
intelligence and ADHD on the other, has been established globally, within various 
cultures, with different age groups, by independently operating research groups. This 
consistent picture also applies to the study of externalizing behaviour in children. 
Delinquent and criminal behaviour as related to lead has been studied only in a limited 
number of studies, but within this limitation, the findings are consistent. 
3. Specificity 
Many studies have suggested that associations between behaviour and lead (both in 
the blood and bone) remain significant after controlling for numerous potential 
confounders. In a number of studies (e.g., Bellinger et al., 1994; Burns et al., 1999), the 
association is even strengthened after controlling. Lead is however only one of the 
many factors which may affect behaviour. The amount of variance is that is explained 
by lead usually is modest (a few percent, see Koller et al., 2004). The association 
between the lead and behaviour has a complex relationship with a large number of 
covariates. Blood lead levels are associated with among others socioeconomic status, 
living conditions (e.g. age and quality of houses), maternal intelligence and nutritional 
status (Bellinger, 2004). These variables often act as moderator variables. 
4. Temporality 
A large number of studies is prospective in nature. Effects are determined after – in 
many cases many years – initial exposure. This also applies to a number of studies on 
the possible effect of lead on delinquent and criminal behaviour (Needleman et al., 
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1990; Burns et al., 1999; Nevin., 2000, Dietrich et al., 2001; Fergusson et al., 2008; 
Wright et al., 2008; Mazumdar et al., 2011). 
5 . Biological gradient 
A dose-response relationship has repeatedly been observed in the case of intelligence, 
ADHD and externalizing behaviour. This relationship is not linear, but monotonous. 
An increase in blood lead levels from 0 to 10 µg/dL has been associated with a sharp 
decrease in the intelligence in children. Further increase of blood lead levels has been 
associated with a less steep decline. Also in the case of delinquent and criminal 
behaviour a dose response relationship is apparent (Nevin, 2000; Dietrich et al., 2001; 
Fergusson et al. 2008; Wright et al., 2008). 
6. Biological plausibility 
The impact of lead on processes in the body seems still largely unexplained. However, 
some neurobiological insights into these processes match well with the behavioural 
changes observed. Lead is a substance that seems to interfere with a very large number 
of processes in the body. Lead ions compete with important essential minerals such as 
iron, copper, magnesium, and – most importantly – calcium. The latter mineral plays 
an important role in impulse conduction in neurons. In addition, lead seems to 
interfere with the development of the central nervous system early in life. Modern 
imaging techniques, such as fMRI (functional magnetic resonance imaging) strongly 
suggest that lead can cause subtle neurological damage. Cecil et al. (2008) for instance, 
suggested that fMRI scans of subjects who were exposed to high lead levels in early 
life show evidence of  damage to brain structures involved in impulse control, learning 
and planning behaviour. Noteworthy in this study (and other studies, see 
Jędrychowski et al., 2010; Brubaker et al, 2010) is that these differences can primarily 
be observed in men, but hardly in women. Recently, Seo et al. (2014) reported poor 
performance on working memory tasks in subjects with moderate blood lead levels 
(mean 4.07 µg/dL), as compared to subjects with low blood lead levels (mean 2.00 
µg/dL). Results were cross validated with fMRI data, which showed reduced 
activation in several cortical areas (dorsolateral prefrontal cortex, ventrolateral 
prefrontal cortex, motor cortex and inferior parietal cortex). 
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7. Coherence 
The relationship between lead and behaviour has been studied by researchers from 
various scientific disciplines. Findings often are complementary. Results of the 
aforementioned neurobiological research are in harmony with findings from 
behavioural research and theories. The results fit well into for instance the theory of 
Gottfredson and Hirschi (1990), who postulate a lack of impulse control as a robust 
predictor of criminal behaviour. The observed association between lead emission data 
and teenage pregnancies as reported by Nevin (2000) is also in accordance with this 
theory. In two recent criminological models (Narag et al., 2009), the association 
between lead and criminal behaviour has been assumed to be causal. In the first model 
the causal pathway runs from an increased risk of exposure to lead, via neurological 
damage resulting in lowered intelligence, to poor impulse control and aggression and 
subsequently to delinquent and criminal behaviour. In this model, the social context in 
which this process takes place plays an important mediating role. The second model 
describes the effect of lead on the level of communities and its impact on crime 
statistics. Narag et al. emphasize that high lead levels are associated with social 
deprivation within communities and reduced resilience. According to the theoretical 
model of Narag et al. lead burden could also contribute to unconventional parenting 
styles and affect behaviour within peer groups. 
8. Experimental evidence 
In recent years, no experimental human lead studies have been conducted10, but a 
large number of experimental animal studies is known. In a review, Sharbaugh et al. 
(2003) suggest that the possible effects of lead on attention, memory and  learning in 
human studies, are also found in experimental animal studies. An additional advantage 
of experimental behavioural animal studies is that findings can be neurophysiologically 
validated. Possible effects of lead on aggression have also been studied in animals. 
                                                     
10 In the 20th century, the first decades in particular, toxicologists employed by the lead indus-
try repeatedly exposed human subjects to high levels of lead during experiments. The aim of 
these studies was prove that the human body could adequately metabolize lead. Lead was con-
sidered relatively harmless in levels found in the environment. See for instance Kehoe (1969). 
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These studies have some – albeit limited –  criminological relevance. Such studies have 
been conducted with rats, cats, hamsters and monkeys (see Li et al., 2003; Bellinger, 
2011). 
9. Analogy 
A large number of substances in the environment may affect behaviour at low levels. 
In a review study Greandjean & Landrigan (2006) reported more than 200 substances 
with proven neurotoxic properties. They estimated the number of suspected (but not 
proven) substances as multiple of this number. Chemicals are only seldom examined 
on subtle neurological effects, which are only observable at the population level. 
Greandjean & Landrigan argue that the numbers above are an underestimation of the 
factual number of neurotoxicants. A number of substances, such as PCBs 
(polychlorinated biphenyls), PFC (polyfluoroalkyl chemicals) and mercury have known 
associations with impaired intelligence and attention problems identified. To our 
knowledge, these substances still have not been studied in relation to delinquent and 
criminal behaviour. 
 
3.4.1 Small effects, yet serious consequences 
Koller et al. (2004) estimate that the current blood lead levels – on the individual level 
– accounts for 1-4 % of the variance of cognitive abilities in children. To put this in 
perspective:  social and parenting factors account for 40% or more in this respect. A 
recent meta-study of the effect of lead on delinquent and criminal behaviour suggests 
a similar proportion (2-4 %) of accounted variance (Marcusa et al., 2010). The effects 
of this modest contribution should not be underestimated however at the population 
level. If, for example,  in a population blood lead levels are decreased slightly with 
2μg/dL, the average IQ probably would be raised by 1.5 IQ points. This doesn’t seem 
spectacular, but it has important implications for the number of individuals with 
extreme low and high IQ’s (more than two standard deviations deviation below or 
above the mean;  IQ <70 or >130). In this case, the  number of people with low IQ’s 
could decreases by 21% and the number of people with high IQ’s could raise by 26%. 
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Small changes within a probability distribution – for example, a normal distribution – 
can have a major effect on numbers with extreme values (Bellinger, 2007). 
 
 
3.5 Discussion 
 
It can be stated that, when tested against the criteria of Bradford Hill, the relationship 
between lead and behaviour and cognitive abilities is probably causal. Especially 
research on the relationship between lead and ADHD symptoms on the one hand, 
and impaired intelligence on the other, seem to justify this conclusion. This conclusion 
applies, albeit less convincingly, also to delinquent and criminal behaviour. The lead 
research literature is extensive and shows relationships of lead with both delinquent 
and criminal behaviour, and with significant risk factors for this behaviour, such as 
poor impulse control and impaired intelligence. Further, these findings are in harmony 
with theories and research findings from other disciplines, such as neurophysiology. 
In an earlier paper, Nevin (2009) reached similar conclusions. 
But some skeptical notes must be made. A number of relevant studies is ecological in 
nature (e.g.  Nevin, 2000; Stretesky & Lynch, 2001, 2004), a study design that is highly 
susceptible to confounding. Virtually all evidence is derived from observational 
studies. Experimental animal studies do provide some supporting evidence, but this 
evidence is limited to learning and aggressive behaviour. A true analogue of delinquent 
and criminal behaviour is absent in animal behaviour. On the other hand, recent brain 
research, which uses imaging techniques, offers at least some suggestion of causality. 
Indeed anomalies found in brain areas associated with impulse control, learning and 
planning of behaviour, seem support this. Furthermore, the prospective nature of 
many studies also contributes to the suggestion of causality. 
At the level of individuals, lead plays only a modest role in western countries, this in 
contrast with the developing world, but the impact on the population level must not 
be underestimated. In this light, it may be useful to continue to strive for lower lead 
levels, even in populations with relatively low blood lead values, such as in the 
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Netherlands. In contrast to interventions on the individual level, such as of parental 
support, or behavioural therapy, interventions aimed at reducing blood lead levels in 
the general population do have a much wider range, and can be implemented by 
general preventive measures. 
Finally, it is recommended to give research on other neurotoxic substances also a 
more behavioural focus. In this research possible links between these substances and 
aggressive, delinquent, and criminal behaviour should be studied. 
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4 
 
 RELATIONSHIPS OF DIET-RELATED BLOOD  
PARAMETERS AND BLOOD LEAD LEVELS  
WITH PSYCHOPATHOLOGY AND AGGRESSION  
IN FORENSIC PSYCHIATRIC INPATIENTS. 
 
A cross-sectional study 
 
 
 
 
 
 
 
 
 
 
 
This chapter previously appeared as: Zaalberg, A., Wielders, J., Bulten, E., van der 
Staak, C., Wouters, A. & Nijman, H. (2015). Relationships of diet-related blood pa-
rameters and blood lead levels with psychopathology and aggression in forensic psy-
chiatric inpatients. Criminal Behaviour and Mental Health, Early online, DOI: 
10.1002/cbm.1954. 
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Abstract 
 
Background: Earlier studies have suggested associations between diet related blood 
parameters and both aggression and psychopathological symptoms, but little is known 
about this in forensic psychiatric inpatients.  
Aim: To explore levels of diet related blood parameters and their relationship to ag-
gressive behaviour and/or psychopathology among Dutch forensic psychiatric inpa-
tients. 
Methods: Minerals, vitamins, lead, and fatty acid levels were measured in blood sam-
ples from 51 inpatients, well enough to consent and participate in the study, from a 
possible total of 99. Levels of aggression and psychopathology were assessed using 
questionnaires, observation instruments and clinical data. Associations between blood 
parameters and behavioural measures were calculated.   
Results: Low average levels of vitamin D3 and omega (ω)-3 fatty acids were found, 
with nearly two-thirds of patients having below recommended levels of D3, while Vi-
tamin B6 levels were high. Magnesium, iron, zinc, copper and lead were overall within 
reference values, but copper/zinc ratios were high. Several significant associations 
between levels of fatty acid measures and both aggression and psychopathology were 
observed.  
Conclusion: In our sample of forensic psychiatric inpatients, fatty acids – but not 
mineral or vitamin levels – were associated with aggression and psychopathology. A 
potentially causal link between fatty acids and aggression could be tested in a random-
ised, placebo controlled trial of fish oil supplements.  General health of such patients 
might be improved by better vitamin D status (increased sun exposure and/or sup-
plement use), and better ω-3 fatty acid status (oily fish or fish oil consumption), but 
discouraging unnecessary self-prescription of B vitamins where necessary. 
 
(Keywords: aggression, psychopathology, forensic psychiatric patients, lead, fatty acid 
profile, vitamins, minerals) 
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4.1 Introduction   
 
In many studies, diet related blood parameters and blood lead levels have been associ-
ated with overt and covert aggression, and criminal behaviour. In ecological studies 
associations have been suggested between worldwide homicide rates and low con-
sumption of fish (rich in ω-3 fatty acids)  and high levels of consumption of dietary 
oils rich in linoleic acid (LA; c18:2n6) (Hibbeln, 2004). Low ω-3 fatty acid status has 
been associated with high levels of anger and anxiety in cocaine and alcohol addicts 
(Buydens-Branchey and Branchey, 2008). Low levels of the ω-3 fatty acid docosahex-
aenoic acid (DHA; c22:6n3) and high levels of the ω-6 fatty acid dihomo-γ-linolenic 
acid (DLGA; c20:3n6) have been found typically in violent and impulsive violent of-
fenders compared with non-violent controls (Virkkunen et al., 1987). In another study 
(Sublette et al., 2006), low levels of DHA were reported to predict future suicide risk 
in depressed patients.  
 
Meta-analyses of placebo-controlled randomised controlled trials (RCTs) of ω-3 fatty 
acids eicosapentaenoic acid (EPA; c20:5n3) and DHA supplementation with aggres-
sive tendencies as dependent variable have shown moderately large effect sizes for 
reduction in aggression (Hamazaki & Hamazaki, 2008). More recently, in two placebo-
controlled RCTs it has been reported that DHA reduced aggression in a community 
sample of young adult males (Long & Benton, 2013), while EPA combined with DHA  
did so among school children (Raine et al., 2014). Although mechanisms of action of 
ω-3 and ω-6 fatty acids, EPA, DHA and AA (arachidonic acid; c20:4n6) in aggression 
are largely unknown, researchers point to the pro-inflammatory (AA) and anti-
inflammatory (EPA and DHA) properties of these fatty acids. Inflammation has been 
associated with stress regulation through the hypothalamic-pituitary-adrenal axis 
(HPA-axis) (Zalcman & Siegel, 2006; Rapoport, 2008; Coccaro et al., 2014). Further-
more, there is evidence that EPA, DHA, and AA play an important role in maintain-
ing neuron integrity and in neurotransmitter metabolism (Virkkunen et al., 1987; 
Schachter et al., 2005) 
70 
 
Several studies with complex mixtures of (micro) nutrients suggest anti-aggressive 
properties of such mixtures in selected study groups. In an open label study (Walsh et 
al., 2004) it was observed that patients with high levels of aggression but diverse diag-
nostic labels improved significantly after individualised micronutrient supplementa-
tion. The composition of the supplements was based on individual deficiencies meas-
ured in blood samples. In a cross-sectional study, the same research group found an 
association between aggression and high copper/zinc ratios in a group of aggression 
prone participants (Walsh et al., 1997). In three placebo-controlled RCTs with juvenile 
and young adult offenders (Schoenthaler et al., 1997; Gesch et al., 2002; Zaalberg et 
al., 2010) it has been suggested that food supplements (vitamins and minerals, aug-
mented with several fatty acids in the second and third study) may dampen aggressive 
and/or rule-violating behaviour. 
 
Of the many neurotoxins known to have detrimental effects on behaviour (Grandjean 
& Landrigan, 2006), lead has been studied most extensively in association with aggres-
sion and criminal behaviour. Ecological and case control studies suggest a positive 
association between environmental lead burden and blood levels, and aggression and 
violent crime (Stretesky & Lynch, 2001; Nevin, 2007; Wright et al., 2008; Wright et al., 
2009). Mechanistic and animal studies provide some evidence for causality of this 
relationship (Bellinger, 2011). Blood lead levels have been high in the 20th century, 
mainly caused by extensive use of lead containing paint and leaded gasoline. Despite a 
substantial drop in blood lead levels over the last decades, especially in affluent coun-
tries,  these levels are thought to be still high enough to have subtle negative effects on 
intelligence, attention, and impulse control in humans, young children in particular 
(Nevin, 2007). 
 
In studies with patients suffering from a range of psychiatric disorders, associations 
have been found between psychiatric symptoms, diet, and diet related blood parame-
ters. In two small RCTs, supplementation with magnesium and vitamin B6 (Mousain-
Bosc et al., 2006a; Mousain-Bosc et al., 2006b) appeared to reduce psychiatric symp-
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toms and violent tendencies in children suffering from attention deficit disorder with 
hyperactivity (ADHD) and autistic spectrum disorders (ASD).  Fatty acids have been 
associated with affective disorders, schizophrenia, and ADHD (Schachter et al., 2005). 
Zinc is another micronutrient that has been linked to psychiatric disorders. Although 
still controversial, several small RCTs have suggested that zinc may benefit children 
suffering from ADHD (Arnold & DiSilvestro, 2005) and adults suffering from affec-
tive disorders (Nowak et al., 2003).  
 
Vitamin D3 is known for its role in bone health and immune function. Recent research 
indicates that vitamin D3 may also be involved in brain processes (Norman, 2008) and 
is believed to play a role in the pathogenesis of schizophrenia and autism in early de-
velopment, and in mood disorders. Iron plays an important role in early brain devel-
opment, and later cognitive functioning (Georgieff, 2011), and has been associated – 
as ferritin – with severity of ADHD symptoms (Oner et al., 2010). To date, no-one 
has investigated this range diet related factors and blood lead levels among people 
admitted to specialist forensic mental health inpatient units for treatment of their 
complex mix of mental disorders and aggression.  
 
Our aims, therefore, were to 1) acquire measures of selected blood parameters and to 
establish whether these values are within laboratory reference values and 2) test if any 
or all of these blood parameters are associated with concurrent aggression and psy-
chopathology.  Our hypotheses were that: 1) lead is positively associated with aggres-
sion and psychopathology, 2) the metabolically active ω-6 fatty acid arachidonic acid 
(AA; c20:4n6) is positively associated with aggression and psychopathology and 3) the 
ω-3 fatty acids EPA and DHA are inversely associated with aggression and psychopa-
thology.  
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4.2 Methods  
 
The study was approved by the medical ethical committee of the University of 
Utrecht. 
 
4.2.1 The sample and procedure 
Fifty-one patients were recruited from a secure forensic psychiatric mental health 
clinic with 99 beds (the Roosenburg pavilion of the Altrecht Mental Health Institute, 
Den Dolder, the Netherlands). Patients with extremely disorganised thought processes 
or behaviour were excluded.  Most included participants (40, 78%) were, in fact, al-
ready being allowed brief unsupervised visits outside the clinic at the time of the study. 
Recruitment took place between mid-July and the beginning of November 2011 and 
collection of blood samples was between the 26th of July and the 3rd of November 
2011.  After obtaining informed consent, blood samples were collected (after break-
fast), and questionnaire based information was gathered. Simultaneously, patient 
background information was collected from medical records. Patients received € 15 
after completing the questionnaires and blood sample collection. (Further procedural 
details can be obtained from the first author on request). 
 
4.2.2 Behavioural measures  
The four behavioural measurements selected were from our previous trial of the ef-
fects of food supplements on aggressiveness and psychiatric well-being of young adult 
prisoners (Zaalberg et al., 2010). They were: the Dutch versions of the Aggression 
Questionnaire (AQ: Meesters et al., 1996), the Social Dysfunction and Aggression 
Scale (SDAS; Wistedt et al., 1990), the Revised Symptom CheckList-90 (SCL-90-R; 
Arrindell & Ettema, 1986) and the 28 item version of the General Health Question-
naire (GHQ-28; Koeter & Ormel, 1986). The first of the two aggression scales (AQ) 
was developed for self-reported assessment of aggression and hostility, and the second 
(SDAS) for systematising staff observations of aggressive and disruptive behaviour.   
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The Dutch version of the AQ consists of 29 items measuring aggressive tendencies 
and has four subscales (physical aggression, verbal aggression, anger, and hostility). Its 
internal consistency and test-retest reliability as well as convergent validity with other 
aggression measures have found to be fair to good (see Hornsveld et al., 2009). In the 
current study, the internal consistency of the AQ was 0.91 (Cronbach’s α). 
The SDAS is an eleven-item instrument measuring observed aggressive and disruptive 
behaviours on four-point scales (not present to extremely severe). The Dutch version 
of the SDAS was found to have a good convergent validity and moderate inter rater 
reliability in a recent study performed in a maximum security forensic psychiatric hos-
pital in the Netherlands (Kobes et al., 2012). We asked staff to rate for behaviour over 
a one-week period prior to the completion of the instrument - on the day the blood 
sample was collected from the patient, and exactly one week after the blood sample 
was taken.  Thus, two aggression scores were obtained covering the two weeks sur-
rounding collection of the blood samples. The internal consistency of the SDAS as-
sessments was found to be good in the current study (0.82 for the first assessment; 
0.86 for the second).  We then used the mean of both SDAS total scores as the level 
of observed aggression for this study.  
As a proxy of current psychopathology the Dutch version of the Revised Symptom 
CheckList 90 (SCL-90-R) (Arrindell & Ettema, 1986) and the Dutch translation of the 
28-item version of the General Health Questionnaire (GHQ-28) (Koeter & Ormel, 
1986) were used. In our study, the internal consistencies of the SCL-90 and the GHQ-
28 were high (Cronbach’s α: 0.99, 0.94, respectively).  In addition, DSM-IV psychiatric 
diagnoses were obtained from the medical records of the patients (American Psychiat-
ric Association, 1994). 
 
4.2.3 Blood parameters 
After collection, blood samples were delivered within one hour at the clinical-chemical 
laboratory of the nearby Meander Medical Centre (Amersfoort, the Netherlands), and 
analysed subsequently.  
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Magnesium, iron and ferritin were obtained from analysis on a Beckman Unicel DxC 
800 analyser. Copper, zinc, and lead were measured by a Perkin Elmer AAnalyst 800 
atomic absorption spectrophotometer. Vitamin B6 was measured by HPLC, and 
25OH vitamin D3 was measured on a Roche CobasE immunochemistry platform.  
The fatty acid composition of erythrocyte membranes was measured by Omegametrix 
GmbH (Martinsried, Germany). 
 
4.2.4 Statistical analysis 
Blood parameters and behavioural measures are presented descriptively accompanied 
by laboratory reference values where available, and other comparison measures. Asso-
ciations between blood parameters and behavioural measures are then presented, us-
ing Pearson’s correlation coefficient r as the primary choice to estimate strength of 
relationships. Where necessary, in order to meet the requirement of a normal distribu-
tion, data outliers (values of > 3 standard deviations (SDs) from the mean) were 
changed to one unit above the next highest score in the data set. In the case of blood 
lead levels, measures below the detection level of 1 µg/dL, were set at 0.5 µg/dL.  
Because of the large number of comparisons (114 in this study), α was set at  a con-
servative level of ≤ 0.001 (two-tailed).  All results presented below are at this signifi-
cance level, unless specified otherwise.  
Data were analyzed with statistical software (SPSS, version 21.0). 
 
 
4.3 Results 
 
Most participants were male (45, 88%), and had managed little education (45, 88%).  
Their average age was 38 years (range 22-60 years). All 50 diagnosed participants 
(98%; diagnostic data, addiction data included, of one participant was missing) had 
one or more DSM-IV axis I diagnoses. First diagnoses concerned psychotic disorders 
(19, 38%), substance use disorders (17, 34%), affective disorders (3, 6%), autistic spec-
trum disorders (3, 6%), anxiety disorders (2, 4%) and organic syndromes (2, 4%). A 
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small number of participants (4, 8%) had other diagnoses. Most of the patients (28, 
56%) also had a DSM-IV axis II diagnosis. Overall, 46 (92%) suffered from substance 
misuse problems in the past, 38 participants (76%) were currently addicted. In turn, 
most (47, 92%,) were on psychotropic medication (neuroleptics 34 (67%), anxiolytics 
33 (65%), mood stabilizers 26 (51%), antidepressants 16 (31%)), About half of the 
patients (24, 47%) used more than one psychotropic medicine, and 33 (65%) used 
prescription drugs for a range of somatic disorders. The majority (42, 82%) had com-
mitted a crime; 23 (45%) had committed a violent crime, 20 (40%) had committed a 
crime against property, 5 (10%) had committed drug related crimes, and 8 (16%) had 
committed other crimes. Participants without criminal history (9, 18%) were nonethe-
less considered dangerous, although their dangerous behaviour  never reached the 
courts.  
 
4.3.1 Blood parameters 
Overall, blood levels of minerals were within or only slightly outside reference values 
(see table 1 for details). Only ferritin levels – a measure of iron storage – were slightly 
reduced in 6 (12%) of the patients, although without reaching values (< 10 nmol/L) 
for which intervention would be recommended. The only deviant mineral parameter 
was the average copper/zinc ratio, which was high. Although reference intervals for 
this are lacking, a ratio of 0.7-1.0 is considered normal by several researchers (Walsh et 
al., 1997). Thirty-nine (76%) of the patients had a copper/zinc ratio above 1; with an 
average value of 1.24 (SD 0.37), the mean ratio was significantly higher than 1.0 (t50 = 
4.593, p < 0.001, two-tailed). 
Average blood lead level was low (mean = 1.57 µg/dL, SD = 1.69). All but one of the 
patients had blood lead levels < 5 µg/dL; the level for the one patient who did not 
was 12 µg/dL, but this was still below the laboratory reference value of 20 µg/dL. 
These results are in line with the low, and continuously declining blood lead levels in 
the Netherlands (Peeters & Wijn, 2007). 
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Table 1. Blood levels of minerals, vitamins and fatty acids 
 
 Mean       SD           Range                  Ref1 < ref2      Within 
ref2      
> ref2 
 
        
Minerals        
Magnesium (mmol/L)     0.88     0.07   0.70-1.04   0.70-1.05     0.0  100.0     0.0 
Iron (µmol/L)   17.36     5.94   7-36   10-303     4.0    94.0     2.0 
Ferritine (µg/L)   74.69   71.97   13-443   24-3364   11.8    86.2     2.0 
Copper (µmo/Ll)   16.10     3.80   7.8-24.2   11-22     5.9    86.3     7.8 
Zinc (µmol/L)   13.34     1.98   7.6-19.1   10-18     3.9    94.1     2.0 
Copper / zinc     1.24     0.37   0.44-2.75   (0.7-1.0)     3.9    19.6   76.5 
Lead (µg/dL)     1.57     1.69   < 1.0-12.0   < 20     -  100.0     0.0 
        
Vitamins        
Vitamin B6 (nmol/L)  194.00  433.41   52-2987   35-110      0.0    58.8   41.2 
Vitamin D3 (nmol/L)    41.16    25.73   11-116   50-130    62.7    37.3     0.0 
        
Fatty acids(% of  total)        
Σ  (total) trans      0.77     0.13   0.55-1.08     
Σ  saturated    39.43     1.04   37.64-42.05     
Σ  mono unsaturated    17.85     1.97   14.36-23.61     
Σ  poly unsaturated      41.95     1.93   37.64-45.36     
Σ ω-6    34.65     1.67   31.12-37.95     
LA   12.20     1.49   9.53-15.41     
DGLA     1.93     0.38   1.28-2.82     
AA   16.34     1.30   12.58-18.57     
Σ  ω-3      7.31     1.31   5.16-10.49     
ALA     0.16     0.08   0.06-0.42     
EPA     0.72     0.30   0.33-1.86     
DHA     4.07     1.00   1.99-7.20     
Omega-3 index (Σ EPA, DHA)     4.79     1.14   2.72-8.00     
High risk      < 4%5    25    
Intermediate risk      4-8%    73  
Low risk      > 8%      2  
        
Fatty acid ratios        
Σ ω-6 / Σ ω-3     4.90     0.95   3.24-7.18     
LA / ALA   87.96   34.42   33.67-217.67     
AA / EPA   26.27   10.06   7.98-50.80     
AA / DHA     4.26     1.10   2.13-7.76     
DGLA / EPA     3.10     1.30   0.83-7.91     
    0.51  
  
DGLA / DHA     0.21   0.26-1.42    
1 Reference.  2  %;  3 Males ; females: 7-30µmol/L. 4Males ; females: 20-300µg/L ; 5 Value omega-3 index. 
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No vitamin B6 deficiencies were observed, but 21 (41%) of the patients had vitamin 
B6  levels above the upper reference value of 110 nmol/L. Two patients had extreme 
levels (2987 and 1262 nmol/L respectively), putting them at risk of sensory neuropa-
thy (Hathcock, 1997).  
 
Vitamin D3 levels are season dependent (Bolland et al., 2007). Hence, since most 
blood samples were drawn during summer, the mean vitamin D3 level (mean = 41.2 
nmol/L, SD = 25.7) can be considered low, when compared to values found in the 
general Dutch population (mean ≈ 70-80 nmol/L; see Verkaik-Kloosterman et al., 
2011). Patients with dark skins had significantly lower vitamin D3 levels than white 
patients (mean 29.7 nmol/L, reference value 54.5; t48 = 3.754, p < 0.001, two-tailed). 
In our sample, 32 (63%) of the patients had insufficient vitamin D3 levels (< 50 
nmol/L); 18 (35%) had levels lower than 30 nmol/L, and 11 (22%) had levels < 20 
nmol/L. Vitamin D3 levels above the national average (75 nmol/L), were observed in 
only 8 (16%) of patients, and none had vitamin D3 levels above the upper laboratory 
reference level of 130 nmol/L. It must be noted, however, that reference levels of 
vitamin D3 are still under discussion. The American Institute of Medicine proposed in 
2011 to take 50 nmol/L as a minimum level required (Ross et al., 2011).  
 
Fatty acids, measured as percentage of total erythrocyte membrane fatty acids and as 
ω-6 and ω-3 ratios are also presented in table 1. The average combined percentage of 
the two most active ω-3 fatty acids – EPA and DHA, the so called ω-3 index was 4.79 
(SD = 1.14). According to Harris (2008) this is a low value from a cardiovascular 
health perspective, but comparable to levels measured in western countries. Values 
over 8% are considered protective in cardiovascular health, but only one of our par-
ticipants had a ω-3 index above this level;  13 (25%) were as at high risk (level < 4%), 
and 37 (73%) at intermediate risk (levels 4 - 8%).  
 
78 
 
4.3.2 Behavioural measures 
Aggressive tendencies, as measured with the self-rated AQ, were low (mean 70.3, SD 
21.4) compared with ratings by young adult prisoners (mean 80.1, SD 18.9) (Zaalberg 
et al., 2010), university students (mean 77.8, SD 16.5) (Buss & Perry, 1992) or adoles-
cent offenders (mean 91.6, SD 17.4) (Morren & Meesters, 2002). Staff observed ag-
gression (SDAS) on the other hand yielded high scores (mean 12.2, SD 10.1) as com-
pared to young adult prisoners (mean 5.1, SD 6.3) (Zaalberg et al., 2010) or hospital-
ised general psychiatric patients (mean 9.9, SD 7.4) (Rossberg & Friss, 2003).  
 
GHQ-28 and SCL-90-R measures suggested considerable levels of psychopathology. 
GHQ-28 scores were about twice the level (mean 7.8, SD 7.0) of those in the general 
Netherlands male population (mean 4.0, SD not specified in the manual) (see Koeter 
and Ormel, 1986), but comparable to young adult offender scores (mean = 7.2, SD 
6.4) (Zaalberg et al., 2010). SCL-90-R measures yielded similar results, with an average 
total score of 181.2 (SD 76.8), being above the average for the general population 
(mean = 117.2, SD 27.3), and young adult offenders (mean = 146.2, SD 46.8) ( Zaal-
berg et al., 2010).  
 
4.3.3 Associations between blood parameters and behavioural measures 
Table 2 shows the associations between blood parameters and behavioural measures.   
 
Minerals and vitamins . There was no significant association between mineral or vitamin 
levels and behaviour at the standard of p ≤ .001. The strongest associations we ob-
served, were between vitamin D3 and observed aggression (SDAS scores, r = 0.347; p 
= 0.013, and between lead and self-rated aggression (AQ scores, r = 0.306; p = 0.029).  
Fatty acids. By contrast, several fatty acids, classes and ratios of fatty acids were signifi-
cantly associated with measures of aggression (see also table 2). The DGLA/DHA 
ratio was significantly associated with self-rated aggression (AQ, r = 0.479; p ≤ 0.001). 
Three fatty acid measures were significantly related to observed aggression (SDAS 
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scores) - DHA (r = - 0.454; p ≤ 0.001), and the AA/DHA and the DGLA/DHA 
ratios (r = 0.472, and r = 0.574 respectively; p ≤ 0.001). 
 
Table 2. Associations between blood parameters and behavior 
 
 AQ  SDAS  GHQ-28  SCL-90  
                  
Minerals         
Magnesium (mmo/L) -0.022   0.185   0.060  -0.024  
Iron (µmol/L) -0.080   0.011  -0.127   0.035  
Ferritine (µg/L)  0.043  -0.006   0.056  -0.023  
Copper (µmol/L)  0.183  -0.018   0.227   0.114  
Zinc (µmol/L) -0.221  -0.006  -0.076  -0.126  
Copper / zinc  0.267  -0.018   0.221   0.125  
Lead (µg/dL)  0.306 * -0.172   0.113   0.180  
Vitamins         
Vitamin B6 (nmo/L) -0.228  -0.014  -0.121  -0.275  
Vitamin D3 (nmol/L)  0.105   0.347 *  0.034   0.031  
Fatty acids(% of  total)         
Σ  (total) trans  -0.140   0.006  -0.012   0.002  
Σ  saturated   0.062   0.129   0.046   0.043  
Σ  mono unsaturated   0.305 *  0.087   0.244   0.302  * 
Σ  poly unsaturated    -0.334 * -0.157  -0.274  -0.349 * 
Σ ω-6  -0.142   0.102   0.036  -0.205  
LA -0.236  -0.048  -0.060  -0.134  
DGLA  0.375 **  0.390 **  0.262  -0.174  
AA  0.104   0.011  -0.033   0.180  
Σ  ω-3  -0.310 * -0.360 ** -0.438 ***@ -0.233  
ALA  0.079   0.014  -0.021   0.138  
EPA -0.170  -0.123  -0.158  -0.050  
DHA -0.290 * -0.454 ***@ -0.457 ***@ -0.260  
Omega-3 index -0.299 * -0.431 ** -0.443 ***@ -0.239  
Fatty acid ratios         
Σ ω-6 / Σ ω-3  0.297 *  0.382 **  0.472 ***@  0.238  
LA / ALA -0.036  -0.088  -0.006  -0.213  
AA / EPA  0.082   0.106   0.094  -0.027  
AA / DHA  0.304 *  0.472 ***@@  0.503 ***@@  0.279  
DGLA / EPA  0.288 *  0.251   0.194   0.072  
DGLA / DHA  0.479 *** @@ 0.574 ***@@  0.486 ***@@  0.349 * 
         
* p  < 0.05; ** p < 0.01; *** p ≤ 0.001(= chosen significance level; in bold). 
Significance after modified Hochberg procedure for multiple tests of significance: @ p < .10; @@ p < .05; see Discussion 
section. 
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 Measures of psychopathology, according to the GHQ-28, were significantly associ-
ated with six of the fatty acid measures - total ω-3 (-0.438; p ≤ 0.001), DHA (-0.457; p 
≤ 0.001), the ω-3 index (-0.443; p ≤ .001), the ω-6/ω-3 ratio (0.472; p ≤ 0.001), the 
AA/DHA ratio (0.503; p ≤ 0.001), and the DGLA/DHA ratio (0.486; p ≤ 0.001). 
SCL-90-R measures did not yield significant correlations. 
   
Exploratory analyses suggested that the relationships between several ω-3 fatty acid 
measures and the behavioural scales (AQ, SDAS, GHQ-28 and SCL-90-R) may not be 
linear. The application of local regression techniques (Cleveland, 1979) suggested that 
these associations were more pronounced at low levels of ω-3 fatty acids (see figure 1, 
left, with the ω-3 index – GHQ-28 relationship as an example). 
 
Figure 1. Fatty acids and GHQ-28 scores; local regression 
 
GHQ-28                                                                          GHQ-28 
                 
                   ω3 index                                                                                  AA/DHA ratio 
 
Conversely, associations between behavioural scales (AQ, SDAS, GHQ-28 and SCL-
90-R) with several fatty acid ratios, e.g. /ω-6, AA/DHA and DGLA/DHA, were most 
pronounced at higher ratios (see figure 1, right, with the AA/DHA ratio – GHQ-28 
relationship as an example). 
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4.4 Discussion 
 
In this largely exploratory study, we found some noteworthy associations between 
blood parameters and behavioural measures. Fatty acid measurements, although re-
vealing low levels of EPA and DHA, did not, however, differ substantially from levels 
found in the general population. Nevertheless, aggression, especially staff observed 
aggression (SDAS) was associated with several fatty acid values, including ω-6/ω-3 
ratios, in line with Virkkunen et al.’s (1987) much earlier work, as was psychopa-
thology, at least according to the GHQ. The association with the SCL-90, however, 
while pointing in the same direction, did not reach the chosen significance level of p ≤ 
0.001. It should be noted that the GHQ assesses neurotic symptoms and a general 
sense of well-being of the respondent, whereas the SCL-90 also ask about major psy-
chiatric symptoms, such as delusions and hallucinations which are connected to major 
psychotic disorders.  
Only our hypothesis of an inverse association between the ω-3 fatty acid DHA and 
aggression and a positive association between the AA/DHA ratio and aggression were 
sustained.  Further exploratory analyses, however, suggested that the failure to identify 
other fatty acid associations may  have been due to sample size, as we observed sev-
eral other medium (r > 0.30) to large (r > 0.50) associations.    
 
Blood mineral (magnesium, iron, ferritin, copper, zinc, lead) levels were generally 
within laboratory reference values, although copper/zinc ratios were significantly 
higher than those found in the general population.  Contrary to expectation, there 
were no statistically significant associations between any of these minerals and behav-
ioural measures at the conservative α level of ≤ 0.001.  
 
Potentially dangerously high vitamin B6 blood levels were at least partly explained by 
further questioning of our participants. This revealed that a number of them (5) were 
taking vitamin B complex supplements. After informing the extreme cases of high 
vitamin B6 blood levels about the medical risks of unnecessary supplement use, they 
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stopped taking them. This finding suggests that checking the possibility of (excessive) 
supplement use during admission may be advisable. Vitamin D3 levels, by contrast, 
turned out to be low, as might be expected from a group with a high rate of dark 
skinned patients and limited sun exposure. Many of these patients were seriously defi-
cient, here suggesting that it would be worthwhile checking vitamin D3 levels routinely 
in high risk groups, like forensic patients, and correcting them if necessary. This sug-
gestion is, in fact, in line with Dutch Health Council recommendations (Gezondheids-
raad, 2012).  
 
It should be noted that, although some results of this study are of potential clinical 
importance, noteworthy, no causal inferences can be made, since the study was cross-
sectional and observational. There were a number of limitations to our study. First, 
the sample was a convenience sample rather than recruited for purpose, and some 
selection of participants which could have affected results will have taken place, since 
very acutely disturbed patients were not asked to participate in the study, self-selection 
meant that several patients who were asked to participate refused to take part in the 
study and most of the patients were allowed some unsupervised leave. All these 
points, however, would have meant that we had probably biased sampling towards a 
less aggressive and more normalised group, so differences from the general population 
are likely to have been minimised rather than exaggerated.    
 
Secondly, our sample size was too small to detect subtle associations. We chose a 
stringent significance level for reporting findings, so it is not unconceivable that mean-
ingful associations were not detected (type II error). When, as an alternative way of 
interpreting results, a modified Hochberg correction for multiple comparisons was 
applied, thus estimating the false discovery rate (Rom, 2013), similar results could have 
been obtained when the significance level of this correction was set at 0.10 (instead of 
0.05 - see table 1). This means that of the ten significant associations that we found 
(see table 1), most probably none was a false discovery (p < 0.10). Even if one or even 
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two of the ten significant associations were false discoveries, however, this would not 
alter our main conclusions.   
 
Thirdly, blood values were only compared with laboratory reference values, but not 
with blood values of relevant other study groups (e.g. subjects with high levels of ag-
gression), so only judgements regarding sufficiency could be made.  Finally, the sam-
ple was a mixed summer/autumn sample, which possibly introduced seasonal bias, 
particularly to blood measurements.    
 
4.4.1 Conclusions  
In this study we observed that very low ω-3 LC PUFA levels were associated with 
higher levels of aggression, a finding which is broadly in line with results from earlier 
experimental studies in non-patient samples (Hamazaki & Hamazaki, 2008). As only 
weak relationships were observed with psychopathology, the possibility of a causal 
relationship between improved ω-3 LC PUFA status and lowered aggression clearly 
warrants further research in our opinion. Relevant hypotheses would best be tested in 
a future randomised controlled trial with the ω-3 fatty acids eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) against placebo for their effect on aggres-
sion. This may easily be done by administration of fish oils and blood level monitoring 
at the same time as self-and staff-rated measures of aggression. Our findings also sug-
gest that simple screens for ω-3 fatty acids and certain vitamin levels may help patients 
manage their healthcare needs better than they currently do – minimising overuse of B 
vitamin supplements, and highlighting need for D vitamin supplements or increased 
sun exposure, and increasing oily fish or fish oil consumption in some cases.       
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5 
 
  EFFECTS OF NUTRITIONAL SUPPLEMENTS  
ON AGGRESSION, RULE-BREAKING,  
AND PSYCHOPATHOLOGY  
AMONG YOUNG ADULT PRISONERS.  
 
A double-blind, placebo-controlled RCT. 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter previously appeared as: Zaalberg, A., Nijman, H., Bulten, E., Stroosma, 
L. & Staak, C. van der (2010). Effects of Nutritional Supplements on Aggression, 
Rule-Breaking, and Psychopathology Among Young Adult Prisoners.  
Aggressive Behavior, 36, 117-126. 
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Abstract 
 
Objective:  In an earlier study, improvement of dietary status with food supplements, 
led to a reduction of antisocial behaviour among prisoners. Based on these earlier 
findings, a study of the effects of food supplements on aggression, rule-breaking, and 
psychopathology was conducted among young Dutch prisoners.  
Methods: 221 young adult prisoners (mean age = 21.0, range 18 – 25 y.) received 
nutritional supplements containing vitamins, minerals and essential fatty acids or pla-
cebos, over a period of one to three months.  
Results: As in the earlier (British) study, reported incidents were significantly reduced 
(p = 0.017, one-tailed) in the active condition (N =115), as compared to placebo (N = 
106). Other assessments, however, revealed no significant reductions in aggressiveness 
or psychiatric symptoms.  
Conclusion: As the incidents reported concerned aggressive and rule-breaking behav-
iour as observed by the prison staff, the results are considered to be promising. How-
ever, as no significant improvements were found in a number of other (self-reported) 
outcome measures, the results should be interpreted with caution. 
 
Key words: aggression, psychopathology, nutritional supplements, young adult of-
fenders 
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5.1 Introduction 
 
In the last three decades evidence seems to be mounting that dietary status and (devi-
ant) behaviour are associated. Ecological data and correlational studies, for instance, 
suggested associations between dietary habits like fish consumption on the one hand, 
and psychiatric disorders (Peet, 2004; Noaghiul and Hibbeln, 2002), developmental 
disorders (Hibbeln et al., 2007), and aggression and criminal behaviour (Hibbeln et al., 
2006; Hibbeln, 2001) on the other. Fish contains high levels of the essential ω-3 fatty 
acids eicosapentaenoic acid (EPA) and docosahexanoenic acid (DHA), which are as-
sumed to be involved in all kinds of brain mechanisms (Horrobin, 1998; Hornstra, 
2003). Deficiencies of several other micronutrients, such as zinc and magnesium have 
also been linked to impaired brain development and cognitive dysfunction (Sandstead 
et al., 2000), and with attention deficit disorder with hyperactivity (Toren et al., 1996; 
Mousain-Bosc et al., 2006; Hamakazi et al., 1996).  
The mechanisms underlying potential associations between nutrition and behaviour, 
however, are not yet clearly established. Although a clear comprehensive theory is 
lacking, several findings do offer some clues on the plausibility of dietary interven-
tions. Epidemiological research, for instance, shows that major changes in dietary 
patterns over time have taken place, especially in industrialized world during the last 
century (Crawford et al., 1999; Muskiet 2005; Simopoulos, 1999; Cordain et al., 2005). 
These changes resulted in (micro)nutrient intakes that are significantly lower than in 
the ancient, Palaeolithic diet. Indeed, some ecological studies show correlations be-
tween diet and behavioural outcomes (Hibbeln, 2001; Christensen & Christensen, 
1988; Peet, 2004), including criminal behaviour (Hibbeln, 2001). A major limitation of 
epidemiological studies is, however, the impossibility of making causal inferences. For 
this reason, the findings mentioned above must be judged with caution and experi-
mental confirmation is needed.  
Developmental studies also suggest that poor nutritional status in early development 
can lead to behavioural consequences. On the basis of a meta study, Cordain et al. 
(2005) concluded, for instance, that breastfeeding is superior over bottle feeding as far 
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as cognitive development is concerned, and Horwood & Fergusson (1998] suggested 
lower school dropout in breastfed children. It can be hypothesed that nutritional defi-
ciencies effecting brain development have potential detrimental effects later in adult 
life.  
Furthermore, the importance of sufficient availability of essential fatty acids is stressed 
by many researchers in this respect (Hornstra, 2003), but other deficiencies may play a 
role as well. Neugebauer et al. (1999) demonstrated a high prevalence of antisocial 
personality disorder in a cohort that suffered severe (macro)malnutrition during gesta-
tion at the end of WW II in the Netherlands. In a highly pragmatic trial, Raine et al. 
(2003) showed that malnourished young children on Mauritius are at risk of antisocial 
and delinquent behaviour later in life. His research also indicated that this tendency 
may be prevented by providing extra meals within the framework of an enrichment 
program. Although the study of Raine et al. suggests that antisocial and criminal be-
haviour to a certain extent might be preventable, the question remains whether the 
effects of poor nutrition in early life are still reversible at a higher age, or at least can 
be influenced, and if the current nutritional status can be improved resulting in less 
antisocial and criminal behaviour. There are several strong indications that this is the 
case; Schoenthaler et al. (1996) reported the effectiveness of extra vitamins and miner-
als (resulting in less violent and non-violent incidents in the institution). But he also 
demonstrated that subjects with deficient micronutrient blood levels seemed to have 
benefited the most from these additions. So the effects of poor nutritional status 
could at least be diminished. The study was one in a longer series of (positive) studies 
with incarcerated offenders, but it was the first study indicating the beneficial effect of 
food supplements with offenders suffering from objectively measured deficiencies. 
Deficiencies in (young) offenders are further suggested by Eves & Gesch (2003), who 
showed that young prisoners make poor diet choices in spite of the fact that the meals 
served were sufficiently nutritious. Gesch (in: Bohannon, 2009) emphasizes the im-
portance of balance in restoring dietary status. This makes the use of multiple vita-
mins, minerals and essential fatty acids plausible. 
A review of Schachter et al. (2005) shows that these potentially causal relationships 
89 
 
between ω-3 fatty acids and mental health nowadays are being tested in a growing 
number of randomized controlled trials. Several of these trials suggested efficacy of ω-
3 fatty acids - particularly epa – in selected patient samples (Peet, 2003; Appleton et 
al., 2006; Van Strater and Bouvy, 2007; Buydens-Branchey and Branchey, 2008; 
Arvindakshan et al., 2003; Zanarini and Frankenburg, 2003; Stoll et al., 1999; Emsley 
et al., 2002). The body of evidence, however, is still limited. Trials conducted so far 
are often small in size, and considerable heterogeneity has been demonstrated in meta 
analyses (Appleton et al., 2006). Apart from that, trial outcomes are sometimes con-
flicting (Schachter et al., 2005; Fenton et al., 2001; Hamakazi et al., 1998). The same 
applies – a fortiori – to trials with micronutrients like zinc and magnesium, even 
though the first results of studies with these minerals were promising as well 
(Mousain-Bosc et al., 2006; Bilici et al., 2004; Akhondzadeh et al., 2004).   
In most studies mentioned above, single nutrients or a limited number of nutrients 
were the object of study. Another approach is based on the assumption that dietary 
deficiencies in general have negative effects on behaviour. These effects might be 
overcome by supplying a broad spectrum of micronutrients (Schoenthaler et al., 1996; 
Gesch et al., 2002; Walsh et al., 2004). As early as the late seventies of the last century, 
Schoenthaler investigated this principle in several studies with adult and juvenile of-
fenders and reported striking reductions in aggressive incidents and rule-violating 
behaviour. Not without reason, however, Schoenthaler has been criticised for his un-
orthodox study designs and methodology, especially in his earlier work (Schoenthaler, 
1983a, 1983b; Benton, 2007). Substantial improvements with multiple micronutrients 
were also reported by Walsh et al. (2004) in a case series study. All patients included in 
that study had histories of poor conventional treatment responses (e.g., medication 
interventions, behaviour therapy, counselling). Although Walsh et al. reported that 
aggressive behaviour (e.g., assaults, destructive behaviour) was eliminated in more 
than half of the patients, it should be noted that no control subjects were included in 
this case series study. 
In a well-designed, placebo-controlled study (see Cowen, 2003) among 231 young 
adult offenders, Gesch et al. (2002) found a (net) reduction of 26 % of incident re-
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ports in supplemented prisoners compared to control subjects. The objective of the 
present study was to investigate whether these findings could be replicated in the 
Netherlands among a comparable group of young adult offenders by means of a ran-
domized, double-blind, placebo controlled trial.  
 
 
5.2 Methods 
 
5.2.1 Subjects 
The study was approved by the Dutch medical ethical committee for mental health 
care institutions on November 11th, 2005.  Participants were enrolled in the trial after 
having provided written informed consent.  The participants were male adult offend-
ers aged between 18 and 25, who were incarcerated in eight Dutch prisons. A rela-
tively high number of prisoners who were initially enrolled in the study, however, 
could not be included in the analyses for various reasons. To be included, subjects had 
to swallow the capsules for at least one month (with a maximum of three months). To 
be more precise, 105 (32%) dropped out, often for practical reasons, such as early 
release from prison or transference to another, non-participating institution, whereas 
221 (68%) completed the study. In the results section, potential differences between 
those who completed the trial and drop-outs at baseline will be briefly addressed.  
 
5.2.2 Intervention 
The intervention consisted of daily supplementation with vitamins, minerals, the ω-3 
fatty acids EPA, DHA, and the ω-6 fatty acid γ-linolenic acid (GLA). These supple-
ments, eight capsules in total, were offered during warm meals at lunchtime under 
watch and ward of prison staff. Lunchtime was chosen to minimize possible side ef-
fects, like nausea and belching. Two supplement capsules contained 25 vitamins and 
minerals (see Table 1) with potencies close to national and several international stan-
dards. The other capsules contained several fatty acids (see Table 2).  
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Table 1. Supplements: vitamins, antioxidants, minerals per 2 capsules. 
 
  Potency Recommended intake 
 
Nutrient 
 
Form (present study) 
Present  
study 
Gesch et al.  
2002 
ADH 
(NL) 
RNI 
(UK) 
RDA 
(EU) 
DRI 
(US) 
        
Vitamin A (μg) Retinol acetate 750 750 1000 700 800 900 
Beta-carotene (μg) Natural  beta-carotene  125   - - - - - 
Vitamin B1 (mg) Thiamine 1.2   1.2 1.1 1 1.4 1.2 
Vitamin B2 (mg) Riboflavine 1.6 1.6 1.5 1.3 1.6   1.3 
Vitamin B3 (mg) Nicotinamide 18   18 17 17 18  16 
Vitamin B5 (mg) Calciumpantothenate 4 4 5 - 6 5 
Vitamin B6 (mg) Pyridoxal-5-phosphate  2 2 1.3 1.4 2 1.3 
Vitamin B11 (μg) Folic acid  400 400 300 200 200 400 
Vitamin B12 (μg) Cyanocobalamine 3 3 2.8 1.5 1 2.4 
Biotin (μg)  100 100 - - 150 30 
Vitamin C (mg) Ascorbic acid 60 60 70 40 60 90 
Vitamin D3 (μg) Cholecalciferol 5 10 2.5 a - 5 5 
Vitamin E (mg) d-Alfa-tocoferyl acetate 10  10 11.8b - 10  15 
Calcium (mg) Tricalcium phosphate 100 100 1000 700 800  1000 
Magnesium (mg) Magnesium citrate 100  30 300-350 300 300  400 
Phosphorus (mg) Tricalcium phosphate 52 77 700-1400 550 800 700 
Zinc (mg) Zinc citrate 15 15 7-10 9.5 15 11 
Iron (mg) Ferro fumerate 12 12 9c 8.7 14  8 
Manganese (mg) Manganese gluconate 3  3 - - - 2.3 
Copper (mg) Copper gluconate 2 2 1.5-3.5 1.2 - 0.9 
Potassium (mg) Potassium chloride 4 4 - 3500 - - 
Iodine (μg) Potassium iodide 140 140 100 140 150   150 
Selenium (μg) Sodium selenite 50 50 50-150 75 - 55 
Chromium (μg) Chromium chloride 200 200 - - - 35 
Molybdenum (μg) Sodium molybdate 250 250 - - - 45 
        
ADH, [aanbevolen dagelijkse hoeveelheid] recommended daily allowance, 19–50-year-old males; RNI, reference nutrient 
intake, 19–50-year-old males; RDA, recommended daily allowance, no age statement; DRI, daily recommended intake, 19–
30-year-old males..a 5 µg in cases of insufficient sun exposure. b19- to 22-year-old 13 mg. c19- to 22-year-old 11 mg. 
  
 
Although the amounts of vitamins and minerals in the present study resembled those 
used in the earlier British study of Gesch et al. (2002), a few adjustments had been 
made. In the British study a compact, over-the-counter vitamins/minerals supplement 
was used, whereas in the present study two slightly more voluminous capsules were 
applied, allowing the use of highly resorbable organic metal compounds. The extra 
volume enabled the researchers to apply substantially more magnesium, which poten-
tially is a behaviour modifying agent (Mousain-Bosc et al., 2006)  Apart from that, 
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here were differences in amounts of vitamin D (10 versus 5 μg in the present study), 
phosphorus (slightly different amounts in both studies) and  beta-carotene (not men-
tioned in the British study). 
Table 2. Supplements: fatty acids per 4 capsules fish oil & 2 capsules evening primrose oil. 
 
 Potency Recommended intake 
 
Fatty acid 
Present 
studya 
Gesch et al. 
2002b 
 
Dutch Health Council 
 
EFSAc 
     
Docosahexanoeic acid (DHA); mg 400  
Eicosapentaenoic acid (EPA); mg 400  80 
  
(DHA + EPA)    450  
 
250  
γ-Linolenic acid (GLA); mg 100  160 - - 
Linoleic acid (LA); mg 600 1260 5.000d  10.000 
     
a 4 capsules containing fish oil; 2 capsules containing evening primrose oil; 30 mg vitamin E (5 mg/capsule);  
b 4 capsules; c European Food Safety Authority (see EFSA, 2009); d 2 % energy. 
To date, recommended daily intakes of fatty acids – long chain ω-3 fatty acids in par-
ticular – vary considerably. These recommendations are mainly based on current in-
sights in cardiovascular health protection.  For the present study a dose was chosen, in 
accordance with recent research data (see ISSFAL, 2004; Schachter et al., 2005). These 
data were not available in the design phase of the British study, resulting in lower 
amounts of ω-3 fatty acids in that study. Furthermore linoleic acid was omitted in the 
present study because of its abundance in the Dutch diet (Kruizinga et al., 2007), al-
though some of this fatty acid came with the evening primrose oil (appr. 600 mg).    
The placebo content was composed of starch (vitamins-minerals placebo) and a mix-
ture of saturated and (poly)unsaturated fatty acids reflecting the fat and oil composi-
tion of  Western European diet (fatty acid placebo). 
 
5.2.3 Procedure 
Prior to supplementation, the subjects were asked to complete a number of question-
naires. It concerned the Dutch version of the Aggression Questionnaire (AQ; Meest-
ers et al., 1996; Morren and Meesters, 2002), the General Health Questionnaire-28 
(GHQ-28; Koeter and Ormel, 1991), and the Symptom CheckList-90 (SCL-90; Arrin-
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dell and Ettema, 1986). Prison staff also rated the level of hostile and aggressive be-
haviour at baseline by means of the Social Dysfunction and Aggression Scale (SDAS; 
Wistedt et al., 1990).  
After these pre-intervention assessments, participants were randomly allocated and 
started swallowing nutritional supplements or placebos under prison staff supervision. 
The administration of supplements or placebos was meant to be continued for three 
months. To be included in the analyses, a minimum period of administration of one 
month (30 days) was required (i.e., on average the 221 participants used the capsules 
for 75.9 days (SD = 19.7), with no significant difference between the active and pla-
cebo condition; t(219) = 1.4; p = 0.16). The participants received a small financial 
compensation for their cooperation. The capsules had been blinded by means of four 
digit codes which had been randomly assigned to either supplements or placebos. 
Participants, staff members as well as researchers were blind for these codes. As a 
check on the blinding of the capsules, a number of participants (N = 55) was asked 24 
hours after the first administration whether they thought they received either supple-
ments or placebos. 
After the intervention period, the afore-mentioned instruments (AQ, SDAS, GHQ-28 
& SCL-90) were completed again. A subgroup of prisoners was asked again at this 
point in time, whether they believed they had swallowed supplements or placebos. 
Furthermore, all recorded incidents for the participating prisoners were gathered con-
cerning the one month period before the intervention started (baseline), as well as for 
the period that the capsules were swallowed. The incidents were gathered from re-
ports the ward staff in the prisons make about aggressive and rule-breaking behaviour. 
These reports in general are about aggressive or disruptive behaviour or incidents 
involving the possession or use of drugs (e.g., possession of illicit substances, or hav-
ing tested positive on a drug screening test). In the current study, both the total num-
ber of incidents reported before and after the intervention (regardless of the type of 
the reported incidents), and the number of incidents reported after exclusion of alco-
hol and drug related incidents were analyzed. Only after all the information was ob-
tained and entered into a SPSS file, were the codes of the supplements unblinded. 
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5.2.4 Statistical analyses 
Differences between the experimental and control group on the various outcome 
measures (AQ, SDAS, reported rates of incidents, GHQ-28, and SCL-90) were tested 
by means of ANOVA’s (“repeated measures” in SPSS 15.0). For outcome measures 
with non-normal (skewed to right) distributions with relatively high numbers of zero 
scores (i.e., SDAS scores and rates of incidents), non-parametric Mann-Whitney U 
tests were performed. In order to make the incident data comparable between inmates 
who stayed in the trial for the full three months versus those who had to stop earlier, 
incident numbers were converted into rates per 1000 prison days. As was done in the 
earlier study of Gesch et al. (2002), negative binomial regression analyses were per-
formed on these incident rates, because of the highly specific distribution of such 
incident variables (Gesch et al., 2002). These negative binomial regression analyses 
were performed with STATA v9.  
In line with the overall hypothesis that nutritional supplements would reduce aggres-
sive and hostile behaviour, α was set at 0.05, one-tailed. p -values below 0.1 will be 
mentioned as being trends. 
 
 
5.3 Results 
 
5.3.1 Sample characteristics 
At enrolment, the average age of the 221 prisoners completing the current study was 
21.0 years (SD = 1.5; range from 18 to 25 years). These participants were distributed 
over eighth Dutch prison sites. After unblinding the codes, 115 of these 221 prisoners 
(52%) had received nutritional supplements, whereas 106 persons (48%) were admin-
istered placebos. The distribution of supplements and placebos over the eight sites 
was in line with what could be expected on the basis of chance (χ2(7) = 9.2, p = 0.24).  
As mentioned earlier in the methods section, a number of participants (N = 55) was 
asked 24 hours after the first administration whether they thought they received either 
supplements or placebos. At that point in time, the participants were not able to pro-
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vide correct answers above chance level (χ2(1) = 0.02, p = 0.89; 51% gave a ‘wrong’ 
answer). At the end of the intervention period this question was posed again to a sub-
sample, and it should be noted that the number of participants giving the ‘wrong’ 
answer was substantially decreased (χ2(1) = 22.3, p < 0.001; 25% gave the wrong an-
swer). This finding suggests that as the study progressed more participants one way or 
the other were able to ‘guess’ correctly whether they were swallowing supplements or 
placebos.   
The 221 completers were compared on a number of characteristics (i.e., age, pre-
intervention AQ, SDAS, GHQ-28 and SCL-90 scores), to the 105 prisoners that could 
not complete the study. No significant differences between completers and dropouts 
were found on these variables (i.e., t(319) = 1.2, p = 0.22, two-tailed; t(223) = 1.0, p = 
0.32, two-tailed; t(290) = 0.21, p = 0.84, two-tailed; t(321) = 0.65, p = 0.52, two-tailed; 
t(324) = 0.96, p = 0.34, two-tailed, respectively). The distributions of completers ver-
sus dropouts, however, did not turn out to be evenly spread over the eight participat-
ing institutions (χ2 (7) = 23.8, p < 0.005), which suggests that participants in certain 
institutions were more likely to complete the study than in other ones.  Taken to-
gether, the absence of other differences between those who completed the study and 
those who dropped out doesn’t make it likely that the initial randomisation was sub-
stantially affected by the relatively high dropout rate.  
Following this it was investigated whether differences at baseline existed between the 
participants who swallowed supplements (N = 115), versus those who received place-
bos during the study (N = 106). No significant differences on any of the baseline as-
sessments were found between the active and the placebo condition, in terms of their 
average age (t(219) = 1.1, p = 0.29, two-tailed); AQ total scores (t(219) = 0.29, p = 
0.78, two-tailed); SDAS scores (Mann-Whitney U = 5012.5, p = 0.25); Incident ratios 
per 1000 prison days at baseline (Mann-Whitney U = 5882.5, p = 0.53; two-tailed); 
Incident ratios per 1000 prison days when excluding alcohol and drugs related inci-
dents (Mann-Whitney U = 5980.5, p = 0.71, two-tailed); GHQ-28 total scores (t(219) 
= 1.2, p = 0.24, two-tailed); and SCL-90 total scores (t(219) = 1.2, p = 0.25, two-
tailed). 
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To gain insight in how the various outcome measures were interrelated, a correlation 
matrix was made. In Table 3, the resulting correlations are presented. The tables 
shows several significant associations, with the SDAS being the only scale that was 
significantly associated with all other measures.  
 
Table 3.  Correlations between the outcome measures 
 AQ  
Total scores 
SCL-90 
Total scores 
GHQ-28 
Total scores 
SDAS 
Total scores 
SCL-90 Total score 0.47*    
GHQ-28Total score 0.45* 0.82*   
SDASTotal score 0.34* 0.23* 0.28*  
Incident ratio per 1000 prison days 0.05 0.02 0.08 0.38* 
Incident ratio per 1000 prison days,  
alcohol and drugs  incidents excluded 
0.08 -0.04 0.04 0.41* 
* P < 0.05, two-tailed      
 
With the apparently equal starting positions of the experimental and placebo group in 
mind, changes in aggressive and hostile behaviour (i.e., AQ, SDAS, and incident data), 
as well as changes in well-being (i.e., GHQ-28 and SCL-90 scores) will be presented 
below. 
 
5.3.2 Effects of the nutritional supplements on aggression and hostility 
The mean AQ score for the 221 participants at baseline was 80.1 (SD = 18.9). Figure 
1 (left), depicts self-reported aggressiveness and hostility as measured with the AQ 
before and after the intervention. The reduction of AQ scores over time was 4.6 
points compared to 1.8 point in the group receiving placebos. This trend of a higher 
reduction in the experimental condition did, however, not reach significance when 
compared with the control group (F(1, 210) = 1.8, p = 0.091; one-tailed). Figure 1 
(right) also depicts the development of aggression scores as it was rated by the prison 
staff on the SDAS, both before and after the intervention. At baseline, the mean 
SDAS score for all participants was 5.1 (SD = 6.3). No significant difference was 
found in the development of aggressive and hostile behaviour of the experimental 
group versus the control group (Mann-Whitney U = 4652.0, p = 0.23, one-tailed). 
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Figure 1. Development of AQ scores (divided by 10) and SDAS scores;  
supplements versus placebo condition. 
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Figure 2 (left), presents the development of the number of incidents of aggression and 
other rule-breaking (e.g., alcohol or drug abuse). At baseline, the mean incident rate 
was 11.0 incidents per 1000 prison days in the supplement condition, and 9.7 per 1000 
prison days in the placebo condition. In line with the earlier study of Gesch et al. 
(2002), the changes in the numbers of incidents before and after the intervention were 
tested by means of negative binomial regression analyses. These analyses take into 
account the highly skewed, non-normal distribution of such incident data (e.g., many 
subjects were not involved in incidents, a small group of prisoners was involved in 
multiple incidents etc.). Apart from that, Mann-Whitney U tests were performed.  
The negative binomial regression results indicate that the total number of reported 
incidents was reduced for the group receiving nutritional supplements in comparison 
to the placebo group (IRR11 = 0.600, 95% CI: 0.37 – 0.96, p = 0.017, one-tailed). The 
Mann-Whitney U-test results were in line with this finding that the number of inci-
dents was lower for the supplemented prisoners compared to control subjects (Mann-
Whitney U = 5314.5, p = 0.036, one-tailed).  
The same tests were performed on the incident ratios in case alcohol or drug-related 
violations of prison rules were excluded (i.e., possession or use of illegal substances in 
                                                     
11 Incident Rate Ratio 
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prison). These results are also presented in Figure 2 (right). Again, a significant reduc-
tion was found in the number of reported incidents involving prisoners who took 
supplements as compared to prisoners who received placebos (IRR = 0.602; 95% CI: 
0.37 – 0.98, p = 0.020, one-tailed), after exclusion of the alcohol and drugs-related 
rule-breaking. In this case, the Mann-Whitney U test results did, however, not reach 
significance, although a trend towards improvement was observed (Mann-Whitney U 
= 5432.0,  p = 0.055, one-tailed). 
 
Figure 2. Development of incident ratios (incidents per 1000 cell days);  
supplements versus placebo condition.  
A: all incidents; B: all incidents minus alcohol and drugs infringements. 
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Below, the results of the nutritional intervention on the psychological well-being of 
the prisoners as measured with the GHQ-28 and the SCL-90 are addressed.  
 
5.3.3 Effects of nutritional supplements on psychological well-being 
The mean GHQ-28 score of the 221 participants at baseline was 24.4 (SD = 14.1). In 
figure 3 (left), the development of GHQ-28 scores pre- and post-intervention is pre-
sented for both the experimental and the control group. The graphs suggests a trend 
that prisoners on nutritional supplements experienced more improvement in well-
being than the control subjects, as lower scores on the GHQ-28 represent more well-
being. The observed difference between the groups, however, was not significant (F(1, 
214) = 2.2, p = 0.069; one-tailed).  
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Figure 3 also depicts the development of SCL-90 scores during pre and post interven-
tion periods. At baseline, the mean SCL-90 score for the entire sample was 146.2 (SD. 
= 46.8). As can be seen in Figure 3, the development towards improvement (i.e., 
lower scores on the SCL-90 represent less psychiatric complaints) as time progresses 
was highly similar in the experimental versus the control group (F(1, 211) = 0.25, p = 
0.31; one-tailed).  
  
Figure 3. Development of GHQ-28 scores and SCL-90 scores (divided by 10); 
supplements versus placebo condition. 
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5.4 Discussion 
 
In the present study, a significant reduction (p = 0.017, one-tailed) was found in the 
number of reported incidents of prisoners who received nutritional supplements, as 
compared to prisoners taking placebos. When expressed in proportional differences 
the found decrease on this measure was impressive with a reduction of 34% in the 
experimental group against a 14% increase in the control group. This difference was 
significant, in spite of the relatively low base rate of reported incidents in the present 
study (i.e., 11.0 incidents per 1000 prison days in the supplement condition, and 9.7 
per 1000 prison days in the placebo condition in the present study, compared to 16 
incidents per 1000 prison days in the British Study of Gesch et al. (2002)).  
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At the same time, however, no significant differences were found on other measure-
ments (i.e., AQ, SDAS, SCL-90, and GHQ-28). Therefore, when considering these 
findings as a whole, a firm conclusion that the supplements reduced aggressive and 
disruptive behaviour cannot be drawn. Yet, the results in terms of a substantial reduc-
tion of reported incidents seem promising, as this outcome measure in particular may 
have practical relevance. These incidents concern documented accounts of observed 
behaviour that is perceived as disruptive or dangerous by the prison staff and that is in 
violation of prison rules. In many cases, the reported incidents led to measures or 
sanctions imposed on the prisoner. Because of this, this outcome measure may be a 
more ‘concrete’ outcome measure than self-reports of the prisoners of, for instance, 
feelings of hostility on the AQ.  
On the other hand, on the other assessment about observed aggressive and disruptive 
behaviour (i.e., the SDAS) which was completed by the staff, no change was detected. 
These SDAS scores were obtained at the beginning and the end of the study, and it 
concerns an assessment of behaviour as seen during the week previous to completion. 
This may have made this measurement to be a more limited ‘snapshot’ of behaviour in 
these two particular weeks. It can be argued that the baseline measure was biased by a 
(temporary) atmosphere of cooperation between staff and inmates during inclusion. 
On the other hand. It should be noted that these SDAS scores were found to be sig-
nificantly associated with all of the other outcome measures. 
On all self-report measures (i.e., the AQ, SCL-90, and GHQ-28) no significant im-
provements in the experimental condition were seen when compared to the placebo 
group. On the AQ and GHQ-28, (non-significant) trends (p< 0.1) towards improve-
ment were seen, but the proportional differences cannot be regarded to be impressive, 
as was the case with the changes in incident rates. For this reason, the conclusion 
seems justified that the supplemented prisoners themselves did not experience marked 
differences in feelings of hostility and well-being in comparison to control subjects.  
One limitation of the current study needs to be addressed in particular, when trying to 
interpret the results. Participants were asked to ‘guess’ which condition they were in. 
The subjects weren’t able to do so 24 hours after the first administration of the cap-
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sules. This indicates that the nutritional supplements were not identifiable directly by 
their taste or smell.  
At the end of the study, however, 75% of the sample was able to identify the condi-
tion they were in, whereas 25 % gave the wrong answer, suggesting that about 50% of 
the participants gave the correct answer based on knowledge of some kind, and 25% 
was guessing correctly.  Perhaps this was the result of effects experienced by the pris-
oners (or a lack of effects in case of placebos), but nevertheless this does mean a par-
tial breaking of the blind occurred. No information is available as to whether this 
‘knowledge’ may possibly also have spread to the prison staff who reported the inci-
dents. 
To summarize, the prospect of influencing aggression and rule-breaking behaviour 
with nutrients in moderate doses is important enough to warrant further research. 
This is particularly true as adequate suppletion may also have beneficial effects on 
mental health and cognitive functioning (Hibbeln, 2001; Richardson, 2004; Benton, 
2001). Furthermore, as the found decrease of the outcome measure – reported inci-
dents and rule-breaking – is in line with the earlier British prison study of Gesch et al 
(2002), we feel that further research on the association between dietary status and 
violent behaviour is needed.  
There are several issues that could be addressed in future studies. The hypothesis of 
deficiency (or multiple deficiencies) could be tested further by detailed monitoring of 
dietary intake, and by determining levels of (micro) nutrients in blood samples. Note 
that many of the criminal subjects in the current sample may have had a better dietary 
status during their imprisonment, when compared to their living conditions outside, 
especially in cases when severe drug and alcohol addiction was connected to their 
criminal conduct. Although prison food certainly does not have a good reputation 
(Gesch et al., 2002; Eves and Gesch, 2003), the provision of regular meals in the 
prison may have masked potential effects of supplementation on aggressiveness and 
well-being to a certain extent. That no information was gathered in the current study 
about the nutritional status and diets of the participants before the intervention clearly 
limits the possibilities to interpret the results. Collecting such information, or assessing 
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the levels of (micro)nutrients in blood samples at baseline may provide more specific 
insight into which potential nutritional deficits might be prevalent among incarcerated 
criminal subjects.  
To further study the effects of the nutritional status on violence and crime, other 
groups could also be targeted, preferably (outpatient) populations with high base rates 
of incidents. Certain offender categories, such as perpetrators of domestic violence, as 
well as populations of psychiatric patients with severe aggression management prob-
lems could also be considered.  
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GENERAL DISCUSSION 
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6.1 Introduction 
 
Explanations for aggressive, delinquent, and criminal behaviour are increasingly being 
sought in the interaction between psychological, social and biological factors (Raine, 
2002). In this thesis, two of these biological factors have been explored: nutrients and 
the role they play in externalizing behaviours, aggressive, delinquent, and criminal 
behaviour in particular, and secondly neurotoxicants and the role they play in the above 
behaviour. Based on data from the research literature and our own research data, 
possible causality of these relationships was explored.  
 
 
6.2 Main findings 
 
6.2.1 Chapter 2 
In this chapter it was explored whether there were associations between nutrition and 
behaviour, externalizing behaviour in particular, at the level of nutrients, combinations 
of nutrients, and dietary patterns. Evidence for such relationships was found at all 
these different levels. 
Research suggests that deficiencies of certain nutrients (in more extreme cases, severe 
malnutrition) during pregnancy, are associated with behavioural problems later in 
development. Evidence of such a relationship has been suggested for folic acid  (Roza, 
2008), and long chain ω - 3 fatty acids (Hibbeln et al., 2007).  
The Dutch Hunger Winter study suggests that severe malnutrition in the first two 
trimesters of pregnancy is associated with anti-social behaviour in late adolescence 
(Neugebauer et al., 1999). Other studies suggest that food insecurity including hunger in 
childhood may be associated with youth problem behaviour (Kleinman et al., 1998). It 
is unclear however, how this food insecurity is related to the context of resource 
deprivation (see Land et al., 1990 ) in which it often takes place. That food insecurity 
has a direct causal relationship with behaviour problems cannot be established. 
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There is evidence that breastfeeding in infants (vs. formula feeding) has a positive 
effect on later development. Studies suggest that breastfed children are more 
intelligent than children who are brought up with formula. Several large cohort studies 
and a large experimental study support this finding and suggest causality (see Brion et 
al., 2011). Although low intelligence has been demonstrated to be associated with 
delinquent and criminal behaviour (Moffitt et al , 1981; Nevin, 2000), there is only 
very little evidence for a direct (negative) association between breastfeeding and later 
delinquent and criminal behaviour (Fergusson & Woodward, 1999; Caicedo et al., 
2010). 
Intervention studies with school meals suggest a - small - positive effect on learning skills 
in children, but this effect is limited to children in disadvantaged situations 
(Kristjansson et al., 2009). Effects on (problem) behaviour have been reported in 
some earlier studies (Barrett & Radke-Yarrow, 1985;  Galler & Ramsey, 1989).  
Beneficial, although small, effects of healthy dietary patterns on academic performance, 
intelligence and problem behaviour have been suggested in recent sudies (Northstone 
et al., 2011; Feinstein et al., 2008; Howard et al., 2010). One quasi experimental study 
(see Raine et al., 2010) suggested that an enrichment program in infancy, consisting of 
daily healthy meals, physical exercise and education in small classes, can have an 
attenuating effect on criminal behaviour in adulthood. This effect seems to be more 
pronounced in malnourished children. 
Studies on possible effects of nutrients on rule-violating behaviour in offenders have 
been conducted for several decades. Since the nineties, several controlled studies have 
suggested a positive effect on rule-violating behaviour of treatment with dietary 
supplements containing vitamins, minerals, and sometimes also with essential fatty 
acids. Such studies were carried out not only with - often young adults - prisoners 
(Gesch et al., 2002; Zaalberg et al., 2010), but also with juvenile offenders 
(Schoenthaler et al., 1997) and schoolchildren (Schoenthaler & Bier, 2000). The latter 
study also suggested that children with a poor  nutritional status (as measured in blood 
samples) at baseline, who demonstrated an improved nutritional status after 
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intervention with vitamins and minerals, showed  the strongest behavioural 
improvement. 
A number of (micro) nutrients is emerging from the literature in relation to behaviour. 
The most extensively studied nutrients are the fatty acids EPA and DHA. These fatty 
acids are studied as related to aggression (see Hamazaki and Hamazaki, 2008), mood 
disorders, addiction, psychoses, and AHDH in children (Schachter et al., 2005). There 
is some, but inconclusive experimental evidence for a anti aggressive effect of EPA 
and DHA. Two recent studies (Long & Benton, 2013; Raine et al., 2014), provide 
further support for the ω-3 – aggression hypothesis. 
Another (single) nutrient possibly effecting behaviour is zinc. Some small 
experimental studies suggest a beneficial effect on ADHD and mood disorders (see 
Arnold et al., 2011; Sawada & Yokoi, 2010). Yet another mineral, magnesium, also 
might have a beneficial effect on ADHD symptoms. In both cases, zinc and 
magnesium, the evidence however is very limited, so firm conclusions cannot be 
drawn, and more, larger studies are needed. 
A few epidemiological studies suggest an association between low lithium intake and 
high suicide rates. Low suicide rates are reported in populations using water with 
relatively high lithium levels. There are no experimental studies suggesting a causal 
relationship however. Furthermore, lithium has been associated with aggression and a 
limited number of experimental studies suggest an effect of this mineral on aggression 
(Campbell et al., 1995; do Prado-Lima et al., 2001), sometimes in violent prisoners 
(Tupin et al., 1973)  
Finally, in one study (Vermiglio et al., 2004) an association between ADHD and 
iodine has been reported. It has been known for a long time that iodine deficiency in 
(young) children can lead to substantial loss of intelligence (Martinez et al., 2008). No 
studies were found linking iodine to aggression or criminal behaviour. 
 
6.2.2 Chapter 3 
With regard to the possible impact of neurotoxic substances on behaviour, the 
potential impact of the neurotoxic metal lead was discussed in chapter 3. This 
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substance has caused high blood lead levels, in the first half of the twentieth century 
caused by lead-based paint, and in the second half of this century caused by the 
extensive use of tetra ethyl lead as anti-knocking agent in gasoline. A negative impact 
of lead on children's intelligence and behaviour has been suggested in the extensive 
research literature. Assessing the evidence using the criteria of causality of Bradford 
Hill (1965) warrents the conclusion that the relationship between lead and the above 
risk factors for later problem behaviour presumably is causal. The relationship 
between lead exposure and externalizing behaviour, delinquent and criminal behaviour 
in particular, is also likely to be causal, though the body of scientific evidence is clearly 
less than in the case of lead and intelligence and other behavioural outcomes like 
ADHD. 
 
6.2.3 Chapter 4 
In the first empirical study, diet related blood parameters and behavioural measures 
were determined in forensic psychiatric patients. Also, the lead content of the blood in 
this patient group was determined. It was found that blood levels of the selected 
minerals (iron, magnesium, zinc, copper) were by and large within laboratory reference 
levels. Only the copper-zinc ratio was - as expected – above average. Vitamin levels 
showed a different picture. As compared to laboratory reference values (50-120 
nmol/L) vitamin D3 levels were low (mean 41 nmol/L , SD 25.7). Vitamin B6 levels 
were high (mean 194 nmol/L; SD 433.4, reference: 30 - 110 nmol/L), and erratically 
distributed (with a substantial subgroup with extreme high levels). No official 
reference values for the fatty acid levels were available. APA and DHA levels were 
compared with the ω-3 index (Harris, 2008). The  values found were low, but not 
lower than values found in the free society (≈ 4.5% of total erythrocytes fatty acids). 
Lead levels were low (mean 1.59 µg/dL; SD 1.69), which is comparable with levels 
found within the general Dutch population. The blood lead level was positively 
associated with self-reported aggression (AVL; r = 0.306 , p < 0.05 ), but this 
association was no longer significant after adjustment for multiple comparisons. 
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There were virtually no associations between vitamin and mineral levels in the blood 
and behavioural measures. In contrast, several fatty acid measures, especially DHA 
percentage, the ω -3 fatty acid index and several fatty acid ratios, the DGLA - DHA 
ratio in particular, were significantly associated with aggression and psychological well-
being. The aforementioned fatty acid levels were negatively, and the fatty acid ratios 
were positively associated with aggression and well-being. Because of the  
observational design of the study, causation could not be established. 
 
6.2.4 Chapter 5 
The second empirical study was a RCT. In this randomized, double-blind placebo-
controlled study (N = 221), we investigated whether simple dietary supplements had a 
favorable effect on rule violating behaviour and symptoms indicative of 
psychopathology in young adult inmates. Inmates received daily dietary supplements 
containing approximately 100% of the recommended daily allowance of a large 
number of vitamins and minerals, in addition to a dose of essential fatty acids ( mainly 
EPA, DHA and GLA) for up to 3 months. At completion of the study, the incident 
rate ratio (IRR; expressed in terms of detention rule violation per 1000 days) in the 
supplement condition was significantly lower than in the placebo condition (p = 0.034, 
two-tailed). Changes in aggressive tendencies as measured with questionnaires (the 
AVL and SDAS) showed small differences between groups in favor of the 
supplements condition, but these effects were not statistically significant (p > 0.05). 
The questionnaires measuring, well-being (GHQ-28) and psychoneuroticism (SCL -
90-R) however, showed no significant effects. The beneficial effect on counts of 
concrete incidents, can be judged as promising, but since the questionnaire based 
measures did not reveal significant effects, the results were not conclusive. A major 
limitation of the study was the fact that the blinding was compromised: at completion, 
75% of the inmates guessed their experimental condition correctly (p < 0.001). The 
results of the study were in line with findings from an earlier English study. In this 
study too, (also with young adult inmates), a significant decrease in incident rate ratio’s 
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was reported (Gesch et al., 2002), also in the absence of questionnaire based results 
(Gesch, personal communication). 
 
 
6.3 Practical implications 
 
6.3.1 The relationship between nutrients and (externalizing) behaviour 
In chapter 2, several single (micro)nutrients, but also dietary patterns were discussed 
as related to behaviour. Overall, beneficial effects of nutrients and healthy dietary 
patterns – if reported – were small, and mainly detectable on a population level, 
although larger impacts were suggested in disadvantaged groups, where malnutrition is 
more common. Populations living in the margin of society, like addicts, psychiatric 
patients, homeless people and those suffering from resource deprivation are 
overrepresented among offenders. Special attention for healthy diets is warranted in 
this population, not only for physical health reasons, but probably for mental health 
and behavioural reasons as well. It must be noted however, that findings regarding a 
diet-behaviour association – let alone a causal relationship – are far from conclusive. 
This link – if existing – can only be established in future studies. Until more 
conclusive results are acquired, the primary goal of healthy diets has to serve improved 
physical health, with mental health and behavioural improvement as secondary, piggy-
backed, goal. 
Our own empirical studies (see chapter 4 and 5) have four further, more specific 
practical implications.  
Firstly, we – expectedly, as in comparable studies –  did find low levels of vitamin D3 
in forensic patients, warranting the advice to test blood levels of this vitamin in this 
population at admission. These low levels are probably associated with limited sun 
exposure and/or the dark skin color in many patients. Since these two risk factors are 
also present in other offender populations, medical staff in prisons and comparable 
facilities must be attentive to vitamin D3 deficiencies. Vitamin D3 deficiency can be 
remedied by improving sun exposure and supplement use (especially during the winter 
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period). Dietary measures are limited to higher (oily) fish consumption. There are 
currently no research findings indicating behavioural effects after improving vitamin 
D3 status, although some studies suggest an association with depressed mood. 
Furthermore, a role for vitamin D3 in the pathogenesis of schizophrenia and autistic 
disorders has been suggested.  
Secondly, in the same study with forensic patients we did find low levels of long chain 
ω-3 fatty acids. These levels may be raised by encouraging fish consumption, and EPA 
and DHA fortified foods, or offering fish oil preparations. These low ω-3 fatty acid 
levels probably reflect limited intake of these fatty acids, which is very common in the 
Netherlands (EFSA, 2009). Besides cardiovascular health benefits, behavioural effects 
like less aggression and mental health effects such as improved mood are repeatedly 
reported in the research literature, although findings are not yet conclusive.   
Thirdly, we did observe dangerously high vitamin B6 levels, probably caused by 
excessive use of food supplements in a substantial, in a limited number of patients.. 
For that reason, questioning patients on supplements use at the time of admission, 
and routine blood testing on vitamin levels seems rational in the group of forensic 
patients, especially those who are allowed to leave the clinic unsupervised.  
 
Fourthly, in chapter 5, we reported that the use of simple dietary supplements 
probably contributed to a reduction in the number of incidents by young adult 
inmates in a detention situation, as measured by incident reports. This study was a 
replication of a previous study with a similar research. Both studies showed a 
statistically significant beneficial effect of nutritional supplements on rule violating  
behaviour (as compared to placebo). Additional evidence comes from other 
supplement studies conducted with juvenile delinquents and students (Schoenthaler et 
al., 1997; Schoenthaler & Bier, 2000). In these studies too, effects of nutrients on rule 
violating behaviour were reported. Two recent experimental studies (Long & Benton, 
2013; Raine et al., 2014) emphasize the importance of fatty acids in the management 
of aggression. The last study (Raine et al., 2014) – an ω-3 fatty acid intervention aimed 
at the reduction of aggression in schoolchildren, also mentions a possible impact on 
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the behaviour of caregivers, an effect that might be a result of the behavioural 
improvement in the young participants. This study elegantly demonstrated the 
importance of the context in which the intervention took place, and how positive 
effects might transcend the subjects who received the intervention.  
The above mentioned series is too small – and probably too heterogeneous -  to draw 
general conclusions, but it provides sufficient scientific basis to scale up this 
intervention to a behavioural intervention for prisoners with aggression-regulation 
problems. The further development of such an intervention could take place within 
the framework of the program theory (see Leeuw, 2003). 
 
6.3.2 Neurotoxicants, in this case lead 
The current blood lead levels in many Western countries are well below 10μg/dL, the 
internationally accepted level of concern (see Gilbert & Weiss, 2006). In western 
countries levels in excess of 10µg/dL are increasingly rare. Blood lead levels found in 
the general population are not clinically relevant. This also applies to the values 
observed in our sample of forensic patients. Beneficial effects still could be obtained 
however at the population level, by primary preventive measures at the source, such as 
the iron and steel industry. 
 
 
6.4 Challenges for the future 
 
6.4.1 Research in the relationship of nutrients and (externalizing) behaviour 
The RCT discussed in Chapter 5 had a number of limitations that should be addressed 
in future research: 
1. Selection took place based on a group characteristic (average incident rate ratio of 
young adult inmates). A large number of participants had zero scores at both pre- 
and the post-testing. It is recommended to do follow-up research only with 
subjects who actually have high levels of aggression at base line. This might avoid 
zero inflation, and consequently improve the statistical power of such studies. 
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2. Neither the nutrient intake or diet related blood parameters were measured in our 
RCT. Including these research elements could improve the quality of new studies, 
since they may enable researchers to understand the biological mechanisms 
underlying improved dietary status. 
3. Our intervention consisted of a large number of nutrients, so no conclusions 
could be drawn about the effect of individual (micro)nutrients. This limitation 
could be (partially) overcome if one nutrient, or a limited number of related 
nutrients (such as EPA and DHA) would be studied in a four-armed structure 
(vitamins/minerals & fatty acids, vitamins/minerals, fatty acids, and placebo).  
4. (Partial) de-blinding took place during our study. In future research attention 
should be on this issue. This could be accomplished by opting for a fish oil with 
less strong fishy odor/taste, or deliberately providing the placebo with a fishy 
odor/taste. There are also technical solutions for the odor/taste problem: 
manufacturers currently are able to produce fortified food items (margarines, fruit 
juices) free of fishy odor/taste. 
Whether the intervention is also effective in populations other than young adult 
inmates could also be investigated in RCT’s. Consideration could be given to both 
youth and adults with aggression regulation issues. There is sufficient evidence from 
the literature suggesting that  nutritional interventions also could also be effective in 
other populations (Hamazaki & Hamazaki, 2008, Benton, 2007; Schoenthaler & Beer, 
2000; Long & Benton, 2013; Raine et al., 2014). 
Forensic psychiatric patients for instance, could be good candidates. Our own 
empirical research in this population suggested that poor ω -3 fatty acid status was 
associated with several measures of aggression (AVL and SDAS scores). Causality of 
this relationship could be tested in a RCT with ω-3 fatty acids in the experimental 
condition. When the research population consists of convicted felons, not only 
current aggression, but also criminal recidivism in the period following release could 
be monitored. In the Netherlands, adequate registration systems are in place, enabling 
authorities and researchers to follow ex-convicts for extended periods.  
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6.4.2 In the case of neurotoxic substances: 
In Chapter 3 we made an attempt to show that the neurotoxicant lead has a –  
presumably causal – relationship, not only with delinquent and criminal behaviour, but 
also with a number of risk factors for later problem behaviour in adolescents 
(particularly ADHD characteristics and impaired intelligence). It was also concluded 
that despite a sharp decline in the blood lead levels, especially in the Western world, 
including the Netherlands (Peeters & Wijn, 2007), there still might be room for 
improvement. Very recently (Attina & Trasande, 2013), the current annual economic 
damage by intelligence loss caused by lead exposure in Europe alone has been 
estimated at $ 55 billion (appr. € 46 billion). That there is still room for improvement, 
is not only concluded in Chapter 3, but has also been suggested in very recent studies. 
Lucchini et al. (2013) recently suggested that – historically –  low blood lead levels in 
Italian adolescents (mean 1.7 µg/dL), are still associated with impaired intelligence. In 
this study the lowest  blood lead levels still having a negative effect on intelligence was 
estimated at 0.19μg/dL. The blood lead levels found in Lucchini 's study were 
comparable with the levels found in the Dutch population (Peeters & Wijn, 2007). An 
association between very low (< 2 µg / dl) blood lead levels and ADHD charac-
teristics has also been suggested recently in American studies among youths (Nigg et 
al., 2010; Kim et al., 2013). 
In Third World countries, the situation is a lot worse. Attina & Trasande (2013) 
estimate the annual economic loss due to loss of intelligence by lead burden in low - 
and middle-income countries worldwide at $ 977 billion. Blood lead levels here are 
significantly (WHO, 2010), and sometimes dramatically (Caravanos et al., 2013),  
higher than in affluent countries. Blood lead levels above the level of concern ( > 
10µg/dL) are common. Therefore it is also possible to find high blood lead levels in 
(especially (young) children of)  immigrants from third world countries (Tahranifar et 
al., 2008). It is important that immigration authorities are aware of this potential 
problem. 
In addition to lead, a host of other environmentally harmful substances in low 
concentrations recently emerged from research. As with lead, especially unborn and 
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young children in particular are vulnerable to negative effects. In a large WHO study, 
Bergman et al. (2012) pointed at the possible negative effects of endocrine disrupters, 
compounds that disrupt hormone systems. These compounds have been suspected of 
impacting cognitive development and behaviour in children – development of ADHD 
characteristics and impaired intelligence in particular – even at very low levels (see also 
Bouchard et al., 2011; Edwards et al., 2010; Frye et al., 2011) . 
Concerning externalizing behaviour however, delinquent and criminal behaviour in 
particular, our knowledge of neurotoxins is still very limited. Yet in a limited number 
of recent studies it has been shown that it is possible to study associations between 
low levels of compounds (other than lead) in the atmosphere  and externalizing 
(including  delinquent) behaviour in juveniles (Newman et al., 2013; Haynes et al., 
2011). This would apply especially to particulate matter (Heynes et al., 2011). 
It is therefore advisable for future research on effects of compounds suspected of 
neurotoxic properties, to include risk factors for later problem behaviour in youth 
and, when possible, delinquent and criminal behaviour, as dependent variables in the 
study designs. This research should be conducted preferably in large prospective 
cohort studies. Monitoring of the levels of environmental pollution in the Netherlands 
shows a) that it is possible to reduce levels of pollutants in the atmosphere, water and 
soils significantly (Sterkenburg et al., 2006) , but b ) that it is difficult to achieve 
predetermined stringent target levels (Mennen et al., 2010). In future research, not 
only (physical) health, but also possible negative effects behaviour, aggressive, 
delinquent and criminal behaviour included, should be taken into account.  
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Summary 
 
Nutrition, Neurotoxicants and Aggressive Behaviour. 
 
Everything we take from our environment becomes part of us, at least for a short 
time, as in the case of indigestible components of our food, or for extended periods 
when nutrients are absorbed an metabolised within our bodies. We not only take up  
substances through the digestive system, but also by breathing and sometimes by ab-
sorption through the skin. These compounds also end up in our brain, a very active 
organ: although the brain determines only just 2% of our body weight, it converts 
20% of all our energy. It is not unreasonable to presume that many substances are 
able to reach the brain and subsequently influence our behaviour. In the past decades, 
interest in the relationship between diet and behaviour has increased. Sometimes, 
research also draws attention from the media. This was the case with the English 
prison study of Gesch and his colleagues. In 2002, these researchers showed that sim-
ple food supplements probably might have a beneficial effect on the behaviour of 
young adult offenders. In the Netherlands psychologist Lidy Pelsser received media 
attention following her research into the effects a special diet, aimed at the reduction 
of symptoms in children suffering from attention deficit hyperactivity disorder 
(ADHD). 
In this thesis, there are two topics. Firstly, the influence of nutrients on behaviour,  
specifically the impact on behaviour of deficiencies. In particular, a possible relation-
ship with externalizing behaviour - behaviour that has a negative impact on the envi-
ronment - such as rule violating behaviour and aggression, is being investigated.  
In addition the influence of neurotoxicants, substances that are not favourable, but 
rather harmful to the central nervous system, including the brain, are explored.  
The thesis contains six chapters,  a brief introductory chapter (1), two narrative re-
views (2,3), two empirical studies (4,5) and a concluding chapter(6). In chapter 2 and 3 
the state of affairs of research into the relationship between diet and externalizing 
behaviour (Chapter 2) and neurotoxic substances (Chapter 3) is outlined. These chap-
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ters  are not systematic, but rather narrative reviews. Chapters 4 and 5 are reports of 
two empirical studies, a small (51 subjects) observational study with forensic psychiat-
ric patients, and a larger (221 subjects) experimental study with young adult inmates. 
In the first narrative review (chapter 2) deficiencies in early development are dis-
cussed. As an extreme example, the effect of hunger during pregnancy on behaviour 
in offspring  later in life,  is presented. The Dutch Hunger Winter Study suggests that 
men who were born in late 1945 and whose mothers were exposed to hunger during 
pregnancy, were at increased risk of later antisocial behaviour when compared to men 
whose mothers had not been exposed to hunger. Less severe deficiencies during preg-
nancy sometimes appear to have an effect on behaviour in children as well. Some 
studies suggest this might be the case with folic acid deficiency. One study suggests 
that mothers who consume lots of fish food during pregnancy – fish is a rich source 
of a number of nutrients that are important to brain development, such as ω-3 fatty 
acids –  give birth to children who score better on intelligence tests in the first years of 
life, and do have a more favourable development of fine motor skills and social devel-
opment. Furthermore, studies have shown that breastfed children (as compared to 
formula fed children) perform better on intelligence tests. 
Some studies suggest effects of dietary patterns on behaviour of children. Unhealthy 
eating habits, such as frequent junk food consumption might have a (small) negative 
effect on intelligence, and possibly lead to more problem behaviour. 
Improving dietary patterns, such as offering healthy school lunches, sometimes have 
beneficial effect on behaviour, especially in children who are obviously deficient. One 
study even suggests a beneficial effect on later criminal behaviour. 
From the late seventies of the last century experimental studies have been conducted 
with prisoners. Initially, foods considered unhealthy – such as white bread and confec-
tionary – were replaced by healthier products such as whole grain products, vegetables 
and fresh fruits. These studies suggested that healthier food reduced  aggression. 
These initial studies, were of poor quality however, because  control groups were lack-
ing. In later studies, food supplements (vitamins and minerals, sometimes also fatty 
acids) were used to improve intake of essential nutrients. These studies had placebo 
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controlled designs. In these studies – conducted in the US, Great Britain and the 
Netherlands (results of the  latest study have been reported in chapter 5) – suggested 
that food supplements probably reduce antisocial behaviour among prisoners. Some 
nutrients emerging from recent research, such as ω-3 fatty acids, are discussed in more 
detail. In a number of experimental studies it has been suggested that these nutrients 
reduce aggression. These nutrients have been associated with cardiovascular disease, 
and several psychiatric disorders, such as depression and ADHD in children. Other 
nutrients such as zinc, magnesium and iodine are also discussed, although the number 
of studies suggesting behavioural effects is very limited.  
In the second narrative overview (Chapter 3) neurotoxic substances are discussed, in 
particular, the behavioural and cognitive effects of the heavy metal lead. This sub-
stance is the only neurotoxic substance that has been studied on a possible relation-
ship with criminal behaviour. A large number of other substances are neurotoxic, but 
to date research on a possible link with criminal behaviour has been limited. 
Lead was chosen not only because of the relationship with criminal behaviour, but 
also because this neurotoxicant  is very well documented. Lead has contaminated the 
environment in large quantities until late in the 20th century. Lead was discharged into  
the atmosphere as a result of the combustion of leaded gas in vehicles. Other sources 
of lead were drinking water (because of the use of lead in service pipes), and in paint 
(lead pigments). Lead is a substance that leaves the body only very slowly when it has 
entered (especially via the gastro-intestinal tract and the lungs) the body. It has a ten-
dency to accumulate in soft tissues (kidney, liver, brains) and – especially – in bone 
tissue. Lead stays in bone tissue for decades, and is continually released into the 
bloodstream. High lead levels in blood are associated with reduced intelligence in 
children, but also with increased impulsive and externalizing behaviour. In adults, it 
has been associated with psychopathic traits and early cognitive decline. Some studies 
suggest a direct connection with violent crime. American research shows that violent 
crime statistics correlate quite strongly with lead levels in the environment,  and that 
the steady decline in violence in Western society  can be partly explained by the reduc-
tion in the amounts of lead reaching  the environment. 
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There are no experimental studies in humans (these would be unacceptable for medi-
cal ethical reasons) proving that lead is causally linked to violence. However, as in 
tobacco research, where experimental evidence also is lacking, there seems to be suffi-
cient additional evidence to conclude that lead is causing violence. For example, there 
are experimental animal studies showing that small amounts of lead increase aggres-
sive behaviour in rodents, cats, dogs and monkeys. Furthermore, neurobiological stud-
ies strongly suggest that lead impairs conduction in neurons, and has a damaging ef-
fect on certain brain structures involved in planning behaviour and impulse control. It 
therefore seems plausible that the relationship between lead and behaviour is causal. 
Late in the last century the use of lead as a gasoline additive has gradually been re-
duced and ultimately banned. Consequently, blood lead levels have dropped dramati-
cally. Negative effects of lead are nevertheless still detectable. Many, especially older 
adults have been exposed to high levels of lead in the environment when they were 
young. The impact, of lead on unborn and young children is often irreversible. Recent 
research suggests that even low blood lead levels still can be neurotoxic. 
Chapter 4 is the report of the first of two empirical studies. The  study was conducted 
in 51 patients at a forensic psychiatric clinic in Den Dolder (Altrecht Aventurijn) in 
the Netherlands. Participation was voluntarily and because the study had an invasive 
element (blood samples were drawn), approval was requested (and received) from the 
medical ethics committee of the University of Utrecht. Blood samples were taken, and 
aggressiveness and psychological problems were recorded. Blood samples were ana-
lysed. Levels of a number of minerals (including lead), vitamins and fatty acids were 
determined. Aggressiveness measures were questionnaire based (provided by the pa-
tients themselves and by staff). Psychological problems were also measured using 
questionnaires. It was investigated whether 1) the levels of nutrients (and lead) in the 
blood samples were within laboratory reference values, and 2) whether these values 
were related to the behaviour under investigation. Levels of four essential minerals 
were measured, zinc, copper, iron and magnesium, and the neurotoxic lead. None of 
these mineral levels turned out to be abnormal: virtually all patients had blood levels 
within the laboratory reference values. Only the average ratio of copper and zinc was 
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high. High copper-zinc ratios have been found  earlier in studies with aggressive pa-
tients.  
Levels of two vitamins, B6 and D3, were measured. These levels were above or below 
reference levels in a considerable number of patients. In a number of patients – some-
times dangerously –  high vitamin B6 levels measured, high enough to pose the risk of 
damaging peripheral nerves. These high levels of vitamins were probably related to the 
uncontrolled use of high-dose vitamin B supplements, which patients had bought at 
the local drugstore. After Highlighting the dangers of this by the staff, these patients 
stopped using these supplements. 
Many patients had low vitamin D3 levels. About two-thirds of them had values below 
the lower reference value. This was all the more remarkable because most of the 
blood samples were taken in summer, when vitamin D3 levels are usually at its highest 
(due to sun exposure). The lowest values were measured in patients with dark skins. 
Most of them were quite seriously deficient. No levels above the upper reference level 
were observed. 
A large number of fatty acid were measured in the blood samples. Fatty acids were 
measured in the membranes of red blood cells. The fatty acid analyses were, in con-
trast to the other analyses, that were carried out in the clinical chemical laboratory of a 
nearby hospital, carried out by a specialized laboratory. Both saturated, monounsatu-
rated, polyunsaturated fatty acids were measured as well as a few trans fatty acids. No 
fatty acid reference values available, the of sum of the two ω-3 fatty acids EPA and 
DHA, the so-called ω-3 index excepted . Nearly three-quarters of the patients had a 
very low, and a quarter had a low ω-3 index. One patient had an adequate index. Ac-
cording to some researchers a low ω-3 index is a risk factor of cardiovascular disease. 
Correlations of blood levels  aggression and/or psychological problems were calcu-
lated. There was no clear relationship between vitamins and minerals, and behavioural 
measures.  However, a number of correlations were found with a number of fatty acid 
levels, in most cases ω-3 fatty acids. Higher levels were associated with less aggression 
and psychological problems. The ratio between some ω-6 fatty acids and ω-3 fatty 
acids also correlated with behavioural measures. High values of this ratio (relatively 
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high ω-6 fatty acid and low ω-3 fatty acid levels) often were accompanied by higher 
levels of aggression and more psychological problems. Only a limited number of cor-
relations were also statistically significant. This was partly due to  the design of the 
study. The number of subjects was quite small (51). Furthermore, because many corre-
lations were calculated, there was also the considerable chance that some findings 
were false discoveries. So it was decided to change the significance level from 5 % (the 
probability that we conclude there is a relationship, which actually is not there) to 1 
‰. The risk of false discoveries is a lot smaller now, but the chance of wrongly decid-
ing  that a relationship does not exist where it actually does, is  a lot bigger. Because 
only correlations were calculated, nothing could be said about causality.  
The second empirical study, that has been described in chapter 5, was an experimental 
study involving a group of 221 young adult prisoners (18-25 years, mean 21 years). 
These prisoners were provided with food supplements or placebos for several months 
(minimum of one month up to three months). The food supplement capsules con-
tained a range of vitamins and minerals (about the daily recommended amount of 
these nutrients), and capsules containing fatty acids (400 mg EPA, 400 mg DHA and 
100 mg of GLA - gamma linolenic acid). The placebo capsules looked identical, but 
contained non-active substances. The study was randomized, and double blinded. 
Neither the researchers nor the subjects knew who received supplements or placebos. 
In this study, which was conducted in 8 different prisons, aggression and mental prob-
lems were measured using the same questionnaires as used in the previous study. In 
addition, also incidents were recorded. These included misconduct leading to discipli-
nary reports, as in the case  of threatening behaviour or aggression, but also in cases of 
rule violating behaviour, such as refusing to obey orders, and drug use. Pre- and a 
post-test measurements were carried out. The study protocol was medical-ethical ap-
proved. 
Mean objective of the experiment was to find out if food supplements are effective in 
modifying behaviour in young adult prisoners. To this end, the post-tests data (at 
completion of the study) were compared with the pre-test data (at baseline). If sup-
plements were effective, this should be apparent from a behavioural improvement as 
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indicated by more favourable  questionnaires scores  and/or a reduction in the num-
ber of incidents leading to disciplinary reports. It was expected that in the placebo 
group little, if any, change would take place. 
Post-test analyses showed that prisoners who had used supplements scored on aver-
age slightly lower on the aggression, as measured with questionnaires, than prisoners 
in the placebo group. However, the differences were small and not statistically signifi-
cant. The measured psychological problems also showed marginally better results in 
the supplement group, which again, were not statistically significant.  
The incident registrations showed a different picture. In the placebo group, there was 
a slight increase over time in the number of incidents (+ 14%), in the supplement 
group, a statistically significant decrease took place (-34%). The difference between 
the two groups was statistically significant. 
It was concluded that the supplements had an effect on the number of incidents 
(more precisely: the number of incidents per unit of time, the incident rate). However, 
it could not be concluded with certainty that the supplements had an anti-aggressive 
effect because questionnaires based aggression measures did not yield any significant 
effect. As a limitation of the study it should be mentioned that many of the subjects, 
appeared to know whether they used supplements or placebos during the study. Three 
quarters of them gave, when asked if they knew their experimental condition, the 
correct answer (we assumed that half of them knew, and that the half guessed). The 
latter may have influenced the outcome of the study. 
There were similarities between the study and an earlier English study12. In the Eng-
lish study, the same study population (young adult prisoners) was used,  and compara-
ble effects of food supplements on the incident were observed. As in the Dutch study, 
no effects were found using questionnaires. 
In the concluding chapter (6) findings from the previous four chapters, and practical 
implications and challenges for the future are formulated. 
                                                     
12 There were some differences between the English and Dutch supplements. The Dutch sup-
plements contained more magnesium, EPA en DHA, the English supplements contained more 
linoleic acid (LA) 
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It is recommended to be alert to possible nutrient deficiencies as well as overdoses in 
forensic psychiatric patients and correct these deviations if necessary. 
Based on the results of the intervention study in young adult prisoners, it is recom-
mended  to scale up the method to a behavioural intervention for inmates with anger 
management problems. This upscaling is considered justified because there are now 
two controlled studies showing similar positive results. 
Regarding the risks  of lead discussed in chapter 3, it must be noted  that the remain-
ing slightly elevated blood lead levels in the Netherlands are too low to have any clini-
cal significance. 
Future challenge regarding nutritional interventions is more, and more focussed re-
search, especially well designed experimental studies. This research should focus more 
on specific target groups, such as prisoners with manifest anger management prob-
lems and domestic violence perpetrators. The quality of these studies, could be im-
proved when diet and diet related blood parameters are monitored. 
With regard to neurotoxic substances, it must be noted that from even lower blood 
lead levels some benefit might be expected  at the population level. Furthermore, 
other substances with suspected behavioural effects should also be screened for the 
risk of violence. In this respect, It is suggested to pay special attention to substances 
that disrupt the hormone system at (very) low levels (endocrine disrupters).   
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Samenvatting (Summary in Dutch) 
 
Voeding, neurotoxische stoffen en agressief gedrag. 
 
Alles wat wij innemen vanuit onze omgeving wordt deel van ons, op zijn minst voor 
korte tijd, zoals in het geval van onverteerbare bestanddelen van ons voedsel, of voor 
langere tijd, wanneer voedingsstoffen opgenomen worden in ons lichaam. We nemen 
niet alleen stoffen op via onze spijsvertering, maar ook door ademhaling en soms ook 
via de huid. Deze stoffen komen ook terecht in de hersenen, een zeer actief orgaan: 
alhoewel de hersenen maar 2% van ons lichaamsgewicht bepalen, vindt hier 20% van 
onze energieomzetting plaats. Het is niet onlogisch om te vermoeden dat stoffen die 
de hersenen bereiken invloed hebben op ons gedrag.  
In de achterliggende decennia is de belangstelling voor de relatie tussen wat wij eten 
en ons gedrag toegenomen. Soms krijgen tot de verbeelding sprekende onderzoeksre-
sultaten ook aandacht in de media. Dit was het geval bij het Engelse gevangenisonder-
zoek van Gesch en zijn collega’s. Deze onderzoekers lieten in 2002 zien dat simpele 
voedingssupplementen waarschijnlijk een gedragsverbeterend effect kunnen hebben 
bij gedetineerden. In Nederland kreeg psycholoog Lidy Pelsser veel aandacht naar 
aanleiding van haar onderzoek naar de effecten een speciaal dieet dat de symptomen 
van de aandacht stoornis met hyperactiviteit (ADHD) bij kinderen zou doen vermin-
deren.  
In dit proefschrift komen twee zaken aan de orde. Ten eerste de invloed die voedings-
stoffen hebben op gedrag, in het bijzonder wordt gekeken naar wat er gebeurt met ge-
drag wanneer er sprake is van tekorten. Met name een mogelijke relatie met externali-
serend gedrag – gedrag dat een negatief effect heeft op de omgeving – zoals regel-
schendend gedrag en agressie, wordt onderzocht. Daarnaast wordt verkend wat de 
invloed is van stoffen die niet gunstig, maar juist schadelijk zijn voor ons centrale 
zenuwstelsel, de hersenen daarbij inbegrepen, de zogenaamde neurotoxische stoffen. Het 
proefschrift bestaat naast een kort inleidend hoofdstuk (1) uit vijf andere hoofdstuk-
ken. In hoofdstuk 2 en 3 wordt de stand van zaken rond onderzoek naar de relatie 
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tussen voeding en externaliserend gedrag (hoofdstuk 2) en neurotoxische stoffen 
(hoofdstuk 3) geschetst. In deze hoofdstukken beschrijf ik wat ik gedurende het afge-
lopen decennium ben tegengekomen in de literatuur. Het zijn geen systematisch, maar 
verhalende overzichten. In hoofdstuk 4 en 5 wordt verslag gedaan van twee empiri-
sche studies, een kleine (51 proefpersonen) observationele studie bij forensisch psy-
chiatrische patiënten en een grotere (221 proefpersonen) experimentele studie met 
jongvolwassen gedetineerden.  
In het verhalende overzicht over voedingsstoffen en externaliserend gedrag (hoofd-
stuk 2) wordt eerst beschreven wat bekend is over een mogelijke relatie tussen een 
tekort aan voedingsstoffen en gedrag wanneer tekorten optreden in de vroege ontwik-
keling. Als extreem voorbeeld wordt het effect van honger tijdens de zwangerschap op 
het gedrag later in het leven genoemd. Zo laat de Nederlandse Hongerwinterstudie  zien 
dat mannen die eind 1945 werden geboren en van wie de moeder tijdens de zwanger-
schap was blootgesteld aan honger, later veel vaker antisociaal gedrag lieten zien dan 
mannen van wie de moeder niet aan honger was blootgesteld. Ook minder ernstige 
tekorten tijdens de zwangerschap lijken soms een effect te hebben op gedrag bij kin-
deren. Er zijn enkele aanwijzingen dat dit het geval is bij een tekort aan foliumzuur.  
Daarnaast zouden moeders die tijdens de zwangerschap veel vis eten – vis is rijk aan 
een aantal voor de hersenontwikkeling belangrijke stoffen zoals omega-3  vetzuren – 
kinderen baren die in de eerste levensjaren beter scoren op intelligentietests, en een 
gunstiger ontwikkeling van de fijne motoriek en sociale ontwikkeling laten zien. Ver-
der laten borstvoeding studies zien dat kinderen die de eerste maanden van hun leven 
moedermelk in plaats van flesvoeding krijgen hoger scoren op intelligentietests. 
Een aantal studies suggereert effecten van voedingspatronen van kinderen op gedrag. 
Ongezonde voedingsgewoonten, zoals veelvuldig junk food eten, zou een (klein) nega-
tief effect hebben op intelligentie, en mogelijk tot meer probleemgedrag leiden.  
Het verbeteren van voedingspatronen, zoals het aanbieden van gezonde schoollun-
ches, kan soms een gedragsverbeterend effect, vooral bij kinderen die duidelijke tekor-
ten hebben. Eén studie liet zelfs een gunstig effect zien op later crimineel gedrag.  
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Vanaf eind jaren zeventig van de vorige eeuw zijn er experimentele studies uitgevoerd 
bij gedetineerden. Aanvankelijk werden ongezond geachte voedingsmiddelen – zoals 
suikerrijke voedingsmiddelen en witbrood – vervangen door gezondere producten 
zoals volkorenproducten en fruit. Deze studies suggereerden een agressie verminde-
rend  effect. Deze eerste studies waren evenwel van slechte kwaliteit omdat er vaak 
niet gewerkt werd met controlegroepen. In latere gedetineerdenstudies werd gebruik 
gemaakt van voedingssupplementen (vitaminen en mineralen, soms ook vetzuren). 
Deze studies hadden wel een (placebo-)controlegroep. In deze studies – uitgevoerd in 
de VS, Groot Brittannië en Nederland (over deze laatste studie wordt in hoofdstuk 5 
gerapporteerd) werd gesuggereerd dat voedingssupplementen antisociaal gedrag bij 
gedetineerden doet verminderen. Afsluitend worden enkele voedingsstoffen waarvan 
op basis van onderzoek vermoed wordt dat ze invloed hebben op gedrag besproken. 
Uit de onderzoeksliteratuur komen vooral de omega-3 vetzuren naar voren. Een aan-
tal experimentele studies suggereert dat deze voedingsstoffen agressie-reducerend zijn. 
Ook zijn deze voedingsstoffen wel in verband gebracht met hart- en vaatziekten en 
enkele psychiatrische aandoeningen, zoals depressies en ADHD bij kinderen. Andere 
stoffen die naar voren komen, zij het dat de hoeveelheid bewijs zeer beperkt is, zijn 
zink, magnesium en jodium. 
Het tweede verhalende overzicht gaat over neurotoxische stoffen (hoofdstuk 3). In 
het bijzonder worden de effecten van het zware metaal lood belicht. Deze stof is de 
enige neurotoxische stof die in relatie met crimineel gedag is onderzocht. Ook een 
groot aantal andere stoffen is neurotoxisch, maar tot op heden is er nauwelijks onder-
zoek gedaan naar een mogelijk verband met crimineel gedrag. 
Voor lood werd niet alleen gekozen vanwege de gedocumenteerde relatie met crimi-
neel gedrag, maar ook omdat de onderzoeksliteratuur zeer rijk is. Lood kwam tot te-
gen het einde van de vorige eeuw in grote hoeveelheden in het milieu terecht. Veel 
lood kwam in de atmosfeer door verbrandingsgassen van op loodhoudende benzine 
rijdende voertuigen. Daarnaast kwam het onder meer voor in drinkwater (loden lei-
dingen) en in verf. Lood is een stof die eenmaal opgenomen (vooral via het maag-
darmkanaal en de longen) het lichaam maar moeilijk verlaat. Het heeft de neiging zich 
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op te hopen in zacht weefsel (nieren, lever, hersenen) en vooral in botweefsel. Lood 
kan daardoor decennia lang in het lichaam verblijven en voortdurend afgegeven wor-
den aan het bloed. Hoge loodgehaltes in het bloed zijn vooral in verband gebracht met 
verminderde intelligentie bij kinderen, maar ook met impulsiviteit en externaliserend 
gedag.  Bij volwassenen is het onder meer in verband gebracht psychopathische trek-
ken en vroege cognitieve achteruitgang. Enkele studies leggen een rechtstreeks ver-
band met geweldscriminaliteit. Zo liet Amerikaans onderzoek zien dat geweldsstatis-
tieken vrij sterk correleren met loodniveaus in het milieu en zou de gestage afname 
van geweld in de westerse samenleving deels verklaard worden door de afnemende 
hoeveelheden lood in het milieu. 
Er zijn geen experimentele studies bij mensen gedaan (dit zou medisch-ethisch onaan-
vaardbaar zijn) die zouden kunnen bewijzen dat lood echt de oorzaak is van meer 
geweld, maar er net als bij medisch onderzoek naar de schadelijkheid van roken (ook 
hier bestaat geen experimenteel bewijs) lijkt er voldoende aanvullend bewijs om deze 
conclusie toch enigszins te rechtvaardigen. Zo zijn er bijvoorbeeld experimentele dier-
studies die laten zien dat kleine hoeveelheden lood agressief gedrag bij knaagdieren, 
katten, honden en apen in de hand werken. Ook zijn er neurobiologische studies uit-
gevoerd die sterk suggereren dat lood de zenuwprikkelgeleiding verstoord, en bepaal-
de hersenstructuren die bijna planning van gedrag en impulscontrole betrokken zijn 
beschadigt. Het lijkt dus aannemelijk dat de relatie tussen lood en gedragsstoornissen 
oorzakelijk is.  
Eind vorige eeuw is het toevoegen van lood aan benzine geleidelijk verminderd en 
uiteindelijk verboden. De loodgehaltes in het bloed zijn daarna drastisch gedaald. 
Toch zijn de negatieve effecten van lood nog steeds merkbaar. Veel, vooral de wat 
oudere volwassenen van nu zijn destijds als jonge kinderen aan lood blootgesteld. De 
effecten, die vooral optreden bij ongeboren en jonge kinderen, zijn vaak onomkeer-
baar. Ook suggereert recent onderzoek dat zelfs lage loodwaarden in het bloed, zoals 
die op dit moment worden gemeten, nog steeds neurotoxisch zijn. In hoofdstuk 4 
wordt over de eerste empirische studie. gerapporteerd. Het is het verslag van een on-
derzoek dat werd uitgevoerd bij 51 patiënten van een forensisch psychiatrische kliniek 
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in Den Dolder (Altrecht Aventurijn). Deelname was – dit spreekt voor zich – vrijwillig 
en, omdat het onderzoek enigszins invasief  was (er werden bloedmonsters afgenomen), 
werd goedkeuring gevraagd (en gekregen) van de medisch ethische toetsingscommissie 
van de Universiteit van Utrecht. Er werden bloedmonsters afgenomen, en agressiviteit 
en psychische klachten werden in kaart gebracht. De bloedmonsters werden onder-
zocht op de gehaltes van een aantal mineralen (waaronder ook lood), vitaminen en 
vetzuren. Agressiviteit werd bepaald aan de hand van vragenlijsten die patiënten zelf 
invulden en een observatielijst die de staf op twee momenten invulde. Psychische 
klachten werden vastgesteld middels vragenlijsten die patiënten invulden. Onderzocht 
werd of 1) de gehaltes voedingsstoffen (en lood) in het bloed afwijkend waren van 
laboratorium referentiewaarden en 2) of deze waarden een relatie hebben met het 
gedrag dat werd onderzocht. Er werden vier mineralen onderzocht, zink, koper, ijzer 
en magnesium en het neurotoxische lood. Geen van deze stoffen lieten afwijkende 
waarden zien: vrijwel alle patiënten hadden gehaltes in het bloed die binnen de labora-
torium referentiewaarden lagen. Alleen de verhouding tussen koper en zink – de ko-
per-zink ratio –  was gemiddeld vrij hoog. Al eerder werd in Amerikaanse studies ge-
vonden dat agressie en hoge koper-zink ratio’s vaak samen gaan.  
Van twee vitaminen werden de gehaltes bepaald, vitamine B6 en D3. Hier werden wel 
afwijkingen vastgesteld. Bij een aantal patiënten werden – soms gevaarlijk – hoge vi-
tamine B6 gehaltes gemeten, zo hoog dat er een reëel gevaar bestond dat er schade aan 
perifere zenuwen kon ontstaan. Deze hoge vitaminen gehaltes hadden vermoedelijk te 
maken met het ongecontroleerde gebruik van hoog gedoseerde vitamine B supple-
menten, die patiënten zelf bij de drogist hadden gekocht. Gewezen op de gevaren 
hiervan, stopten de patiënten met het gebruik van deze supplementen.  
Veel patiënten hadden lage vitamine D3 waarden. Bij ongeveer twee derde van hen 
lagen de waarden beneden de onderste laboratoriumreferentiewaarde. Dit was des te 
meer opvallend omdat de meeste bloedmonsters in de zomer waren genomen, wan-
neer de vitamine D3 meestal op zijn hoogst zijn (vitamine D wordt in de huid ge-
vormd met behulp van zonlicht, vooral in de lente en de zomer).  Bij patiënten met 
een donkere huid werden de laagste waarden gemeten.  De meeste van hen waren vrij 
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ernstig deficiënt. Bij geen van de patiënten werden te hoge vitamine D waarde geme-
ten.  
Er werd een groot aantal vetzuurbepalingen gedaan. Vetzuren werden gemeten in de 
membranen van rode bloedcellen. De verzuuranalyses werden, in tegenstelling tot de 
andere bepalingen die werden gedaan in het klinisch chemisch laboratorium van een 
nabij gelegen ziekenhuis13, uitgevoerd door een gespecialiseerd laboratorium14. Zowel 
verzadigde, enkelvoudig onverzadigde, meervoudig onverzadigde als enkel transvetzu-
ren werden gemeten. Van de vetzuren waren geen referentiewaarden voorhanden, met 
uitzondering van som van twee -3 vetzuren15, de zogenaamde -3 index. Bijna drie 
kwart van de patiënten had een zeer lage en een kwart een lage  -3 index. Een patiënt 
had een adequate index. Volgens sommige onderzoekers is een te lage -3 index  
een risicofactor voor hart- en vaatziekten.  
Tot slot werd onderzocht of de in het bloed gevonden waarden een relatie hadden 
met agressie en/of psychische klachten. Er werd geen duidelijke relatie tussen vitami-
nen en mineralen enerzijds en gedragsmaten anderzijds gevonden. Wel werd een aan-
tal correlaties gevonden met een aantal vetzuurmaten. Steeds ging het hierbij om ge-
haltes van -3 vetzuren. Hogere gehaltes gingen vaak samen met lagere scores op 
agressievragenlijsten en vragenlijsten die psychische klachten scoorden. Ook de ver-
houding tussen enkele  -6 vetzuren en  -3 vetzuren correleerden met gedragsmaten. 
Hoge waarden van deze verhouding (relatief veel -6 vetzuren en weinig -3 vetzu-
ren) gingen vaak samen met meer agressie en meer psychische klachten. Er was echter 
slechts een beperkt aantal relaties ook statistisch significant. Dit had deels te maken 
met de opzet van het onderzoek. Het aantal proefpersonen was vrij klein (51). Omdat 
er veel correlaties werden berekend was bovendien de kans dat er ‘toevalstreffers’ 
gevonden zouden worden aanzienlijk. Daarom werd besloten om het significantieni-
veau van 5 procent (de kans dat door toeval geconcludeerd wordt dat er een relatie is, 
                                                     
13 Het Meander Medisch Centrum in Amersfoort. 
14 Omegametrix in Duitsland. 
15 Eicosapentaeenzuur (EPA) en docosahexaeenzuur (DHA) 
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die er eigenlijk niet is) te verlagen naar 1 promille. Hierdoor is de kans op toevalstref-
fers een stuk kleiner, maar de kans dat er ten onrechte relaties die er wel zijn niet gede-
tecteerd worden (omdat ze niet statistisch significant zijn) een stuk groter. Omdat er 
alleen correlaties werden berekend, kon er niets gezegd worden oorzakelijkheid. Zo is 
bijvoorbeeld het feit dat hoge gehaltes van -3 vetzuren samengaan met minder 
agressie geen bewijs voor de stelling dat deze vetzuren minder agressie veroorzaken. 
De tweede empirische studie, die in hoofdstuk 5 beschreven wordt, betrof een expe-
rimentele studie waarbij een groep van 221 jongvolwassen gedetineerden (18-25 jaar, 
gemiddeld 21 jaar) gedurende een aantal maanden (minimaal een maand, maximaal 
drie maanden) voedingssupplementen kregen of een placebo. De voedingssupplemen-
ten bestonden uit capsules vitaminen en mineralen (met ongeveer de dagelijks aanbe-
volen hoeveelheid van deze stoffen) en enkele capsules met een hoeveelheid  vetzuren 
(400 mg EPA, 400 mg DHA en 100 mg GLA – gamma linoleenzuur). De placebo 
capsules waren identiek, maar bevatten niet-actieve stoffen. De studie was gerandomi-
seerd en dubbel blind. Loting bepaalde wie welke capsules kreeg. Noch de onderzoe-
kers noch de proefpersonen wisten wie supplementen of een placebo kreeg. In deze 
studie, die in 8 verschillende penitentiaire inrichtingen werd uitgevoerd werden dezelf-
de vragenlijsten als in de vorige studie gebruikt om agressie en psychische klachten te 
meten. Daarnaast werden ook nog incidenten geregistreerd. Het ging daarbij om ge-
dragingen waarvoor gedetineerden een strafrapport kregen, zoals bedreiging of agres-
sie, maar ook om andere vormen van regelschendend gedrag, zoals het weigeren om 
een opdracht uit te voeren en drugsgebruik. Er waren twee meetmomenten: een voor- 
en een nameting.  
Ook deze studie werd eerst medisch-ethisch getoetst (en goedgekeurd). 
Onderzocht werd of de voedingssupplementen effect hadden op het gedrag van de 
jongvolwassen gedetineerden. Daartoe werden de gegevens van de nameting vergele-
ken met de gegevens uit de voormeting. Als supplementen effect zouden hebben zou 
dit moeten blijken uit een verbetering op de vragenlijsten en/of een vermindering van 
het aantal incidenten. De verwachting was dat er in de placebogroep weinig zou ver-
anderen. 
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Bij de nameting bleek dat de groep gedetineerden die supplementen hadden gebruikt 
gemiddeld iets gunstiger scoorde op de agressievragenlijsten dan gedetineerden uit de 
placebogroep. De verschillen waren echter klein en niet statistisch significant. De ge-
meten psychische klachten liet hetzelfde beeld zien: een marginaal beter resultaat in de 
supplementengroep, dat niet statistisch significant was. Het bleek dat er kleine ver-
schillen. Een ander beeld lieten de incidentenregistraties zien. In de placebogroep was 
sprake van een lichte toename van het aantal incidenten, in de supplementengroep een 
aanzienlijke afname. Het verschil was statistisch significant.   
Geconcludeerd werd dat de supplementen een effect hadden op het aantal incidenten 
(meer precies: het aantal incidenten per tijdseenheid, de incidenten ratio), maar dat niet 
zondermeer geconcludeerd kon worden dat de supplementen een anti agressie-effect 
hadden, omdat de agressievragenlijsten geen duidelijk effect lieten zien. Als beperking 
van de studie moet genoemd worden dat een deel van de proefpersonen aan het einde 
van de studie leek te weten of ze supplementen of placebo’s hadden geslikt 75% gaf 
desgevraagd het juiste antwoord (we namen aan dat de helft het wist, en dat de andere 
helft heeft gegokt). Dit laatste heeft mogelijk het resultaat van het onderzoek beïn-
vloed.  
Gewezen werd ook op de overeenkomsten tussen de studie en een eerdere Engelse 
studie. Ook in deze laatste studie betrof het jongvolwassen gedetineerden en  werd er 
een effect van voedingssupplementen16 op de incidentenratio gevonden. Net als in de 
Nederlandse studie werden er geen effecten gevonden met vragenlijsten.  
In het afsluitende hoofdstuk (6) worden op basis van de bevindingen uit de vier voor-
afgaande hoofdstukken praktische implicaties en uitdagingen voor de toekomst ge-
formuleerd.  
Geadviseerd wordt alert te zijn niet alleen op mogelijke tekorten, maar ook overdose-
ringen van nutriënten bij forensisch psychiatrische patiënten en deze zo nodig te cor-
rigeren.  
                                                     
16 De supplementen in de Engelse studie weken iets af van de in onze (Nederlandse)  studie 
gebruikte supplementen. De Nederlandse supplementen waren met name rijker aan magnesi-
um, EPA en DHA. De Engelse supplementen bevatten meer linolzuur (LA). 
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Naar aanleiding van de interventiestudie bij jongvolwassen gedetineerden wordt gead-
viseerd deze voorzichtig op te schalen naar een gedragsinterventie voor gedetineerden 
met agressieregulatie problemen. Deze opschaling wordt verantwoord geacht omdat 
er inmiddels twee gecontroleerde studies zijn uitgevoerd die op hoofdlijnen dezelfde 
positieve resultaten lieten zien. 
Ten aanzien van de in hoofdstuk 3 besproken risico’s van de nog aanwezige licht ver-
hoogde loodgehaltes in het bloed in Nederland wordt opgemerkt dat deze niveaus 
geen klinische relevantie hebben. 
Uitdagingen voor de toekomst liggen er voor wat betreft voedingsinterventies vooral 
op het gebied van nieuw experimenteel onderzoek. Dit onderzoek zou meer gericht 
moeten zijn op specifieke doelgroepen, zoals bijvoorbeeld gedetineerden met gebleken 
agressieregulatieproblemen en plegers van huiselijk geweld. Ook de kwaliteit van dit 
onderzoek zou verbeterd moeten worden: tijdens interventiestudies zou ook het dieet 
en relevante dieet gerelateerde bloedwaarden gemonitord moeten worden. 
Voor wat betreft neurotoxische stoffen zou gestreefd moeten worden naar nog lagere 
waarden van lood in het bloed, omdat hiervan op populatieniveau nog enige winst is 
te verwachten. Ook zouden andere stoffen die verdacht zijn op gedragseffecten in de 
toekomst nadrukkelijk ook op risico voor gewelddadigheid onderzocht moeten wor-
den. Daarbij wordt onder meer gedacht aan stoffen die in lage doseringen de hor-
moonhuishouding verstoren (endocrine disrupters).  
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Dankwoord (Acknowledgements in Dutch) 
 
Mijn eerste dank gaat uit naar mijn ouders. Zij vernoemden mij – tegen de familietra-
ditie in – naar twee Nobelprijswinnaars,  Albert (Schweitzer, Einstein). Het werd een 
rode draad in mijn leven: fascinatie met zowel mens als wetenschap. 
Dat deze draad ooit naar een promotie zou leiden, dank ik op de eerste plaats aan Erik 
Bulten. Lang geleden (2004) kreeg ik als beleidsambtenaar enkele Kamervragen te 
beantwoorden. Ze gingen over een Engels onderzoek van Bernard Gesch, een  onder-
zoeker uit Oxford. Hij gaf jongvolwassen gedetineerden – jovo’s –  een aantal maanden 
vrij simpele voedingssupplementen – vitaminen, mineralen en gezonde vetzuren – en 
stelde vast dat hun antisociale gedrag was afgenomen. Of de Minister vond of we dit 
mooie resultaat konden gebruiken in Nederland, dat was de vraag. Het  was het mijn 
taak om dat voor de Minister uit te zoeken en dat deed ik dan ook. De Minister ant-
woordde de Kamer ongeveer als volgt. Mooi onderzoek, maar te smal als basis voor 
nieuw beleid voor het Gevangeniswezen. Het ging immers maar om één  studie. We 
moesten het in Nederland eerst maar eens over doen – repliceren –  en dan verder 
zien. Maar wie moest dat onderzoek doen? Volgens Erik, destijds coördinerend psy-
choloog bij het Gevangeniswezen, moest ík dat maar doen, omdat ik inmiddels het 
nodige van het onderwerp wist. Erik: bedankt dat je mij dit pad op stuurde. In de 
eerste periode ging ik naarstig op zoek naar enig wetenschappelijk houvast. Ik wilde er 
zeker van zijn dat het geen pseudowetenschappelijke exercitie zou worden. Het was 
Gerard Hornstra, emeritus hoogleraar experimentele voedingskunde, die mij wist te 
overtuigen en te inspireren. Hij deed dat in de tuin van zijn Limburgse woning.  Ge-
duldig ging hij bijna een hele dag in op al mijn beginnersvragen. Gerard: dank voor je 
inspiratie, na onze ontmoeting – waarvan ik de herinnering  koester – wist ik zeker dat 
ik op promotie-avontuur moest. Aan die eerste periode bewaar ik nog een dierbare 
herinnering: met collega Geert Mol bezocht ik Bernard Gesch (de eerste van een aan-
tal ontmoetingen) die ons introduceerde bij twee Hogerhuisleden – Bishop Montefiore en 
de 3rd Earl Kitchener. Na de lunch die wij met hen nuttigden, waarin zij hun steun uit-
spraken voor onze onderzoeksplannen, toonden zij ons de kleedkamer van de Britse 
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vorstin in het House of Lords. Een buitensporige eer voor een aankomend promoven-
dus. Bernard, thanks for your knowledge, your friendship, and being a liaison on so many occasions. 
Eenmaal aan de slag met het onderwerp, te beginnen met een heuse RCT, merkte ik 
dat er veel steun kwam uit de gehele Justitieorganisatie. Vooral de Dienst Justitiële 
Inrichtingen (DJI) ben ik veel dank verschuldigd. Ik kreeg geld (eerst van de Hoofddi-
rectie, later ook nog van de Directie Forensische Zorg) en tijd om het allemaal moge-
lijk te maken. Arie van de Hurk, bedankt dat jij al die tijd, ook nadat ik was vertrokken 
bij DJI mijn ‘ambassadeur’ wilde zijn. Met genoegen denk ik terug aan de vele uitsmij-
ters die wij nuttigden tijdens het smeden van onze plannen. Dank ook aan het perso-
neel van de inrichtingen – de 8 jovo-inrichtingen van DJI en de forensisch psychiatri-
sche afdeling van Altrecht Aventurijn – die de empirische studies mogelijk maakten. 
Zowel de directies als de executieven, maar vooral ook de gedetineerden en patiënten 
die mijn proefpersonen wilden zijn ben ik dank verschuldigd. Twee mensen wil ik heel 
in het bijzonder danken. Allereerst Luwe Stroosma. Jij was de nuchtere projecttijger 
die door het land reed met duizenden zakjes supplementen. Ook wist je, vanuit je rijke 
veldervaring,  precies wanneer het zacht kon en wanneer het hard moest. Vooral in de 
slotfase wist je de datastroom in een beslissende versnelling te brengen. Zonder jou 
was het echt niet gelukt. Eeuwig dank daarvoor. Ook dank aan de vele studenten die 
in het veld de data verzamelden. Heel in het bijzonder Liesbeth Hobo. Als late psy-
chologiestudent was jij onze hofleverancier. Door je levenservaring en je vaak liefde-
volle, maar soms ook strenge omgang met onze jovo’s leverde jij maar liefst een derde 
van al onze data aan. Grootse klasse!  
En dan natuurlijk dank ik de trojka van geleerden die mij wilden verdragen. Mijn co-
promotor Erik Bulten voor het feitelijk initiëren van mijn promotie en voor je door 
mij soms gevreesde rode pen, die aan kantlijn vaak niet genoeg had. Erik, dank ook 
voor je steun, door me zomaar te bellen of uit te nodigen. Dat had ik af en nodig. 
Cees van der Staak,  mijn senior promotor, ik dank jou voor al je warme wijsheid. Als 
het af en toe moeilijk of onoverzichtelijk werd wees jij feilloos de weg in de mist. En 
natuurlijk mijn promotor Henk Nijman, die nooit opgaf, ook als ik hem soms tot 
wanhoop dreef wanneer ik bij herhaling de basale wetenschappelijke mores schond.   
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Henk, ik dank je geduld en voor je grote bijdrage aan mijn groeiproces. Ik ben blij dat 
de spanning van onze beginjaren heeft plaatsgemaakt voor rust en wederzijdse waar-
dering.   
In een dankwoord is het gebruikelijk ook je partner en gezinsleden te noemen. Omdat 
ze gesteund hebben en je afwezigheid wilden verdragen. Jullie steunden mij zeker, 
daarvoor dank, Joanne, Sébastiaan, Roos en Johanna. Voor het overige hebben jullie je 
vooral vermaakt. Zoals wanneer ik aan tafel de visconsumptie aanmoedigde. Mijn 
dochters persifleerden mij dan graag middels een mini-college over fatty acids.    
Een laatste woord van dank aan Frans Leeuw, mijn huidige baas bij het Wetenschap-
pelijk Onderzoek- en Documentatiecentrum (WODC). Frans, ik dank je voor je en-
thousiasmerende houding. Voor de ruimte die je gaf en je aanstekelijke nieuwsgierig-
heid, niet alleen naar mijn onderwerp, maar ook naar alle andere nieuwe neurobiologi-
sche wegen in de criminologie. En dat voor een socioloog… 
Niemand vergeten te danken? Waarschijnlijk wel. Maar op de valreep niet mijn Cana-
dese nicht Lany en haar levensgezel Al die de tekst van mijn proefschrift doornamen 
en zuiverden van het ergste denglish. Lany and Al: thanks a lot. 
  
Leiden, mei 2015 
Ap Zaalberg
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